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LETTER OF TRANSMITTAL 



TJ. S. Department of Agriculture, 

Division of Forestry, 
Washington, D. C, September 15, 1895. 

Sir: I have the honor to transmit herewith for publication a brief 
but comprehensive discussion of the characteristics and properties of 
wood in general and of our American timbers in particular, which it 
is hoped may be useful to engineers, architects, carpenters, lumbermen, 
and all wood workers. The paper was prepared by Mr, Filibert Eoth, 
in charge of the investigations in timber physics. 

Although much of the information contained in this bulletin exists 
in the experience of practical woodworkers and in books in other lan- 
guages, it has never before been published in English in systematic 
and accessible form and w.ith special application to American timbers. 

Such a publication can not, of course, exhaust any part of this great 
subject. It is desired that it may be followed by a more elaborate 
treatise when additional knowledge has been gained through the inves- 
tigations now in progress. The information it contains is largely based 
on actual experiment and scientific observation, and will, it is hoped, 
not only explain the experiences of the practical worker with his mate- 
rial, but will remove erroneous notions, and thus aid in improving the 
practice and lead to a more rational use of our forest resources. 

Respectfully, 

B. E. Fernow, 

Chief of Division of Forestry, 
Hon. J. Sterling Morton, 

Secretary. 
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INTRODUCTION. 



Wood is now, has ever been, and will continue to be, the most widely 
asefal material of construction. It has been at the base of all material 
civilization. In spite of all the substitutes for it in the shape of metal, 
stone, and other materials, the consumption of wood in civilized coun- 
tries has never decreased; nay, applications in new directions have 
increased its use beyond the saving effected by the substitutes. Thus, 
in England, the i)er capita consumption has increased in the last fifty 
years more than double, a fact which is especially notable, as the bulk 
of the timber used there must be imported, while iron and coal are 
plentiful in Great Britain. 

In the United States we can only estimate from the partial data fur- 
nished by census returns. By these we find the per capita consumption 
to have increased for every decade since 18G0 at the rate of from 20 to 
25 per cent. 

Although wood has been in use so long and so universally, there 
still exists a remarkable lack of knowledge regarding its nature in 
detail, not only among laymen, but among those who might be expected 
to know its properties. As a consequence, the practice is ofU»n faulty 
and wasteful in the manner of its use. Experience has been almost 
the only teacher, and notions — sometimes right, sometimes wrong — 
rather than well-substantiated facts lead the wood consumer. Iron, 
steel, and other metals are much better known in regard to their prop- 
erties than wood. The reason for this imperfect knowledge lies in 
the fact that wood is not a homogeneous material, like the metals, but 
a complicated structure, and so variable that one stick will behave very 
differently from another stick, although cut from the same tree. Not 
only does the wood of one species differ from that of another, but the 
butt cut differs from the top log; theheartwood from the sapwood; the 
wood of the quickly grown sapling of the abandoned field from that of 
the slowly grown old monarch of the forest. Even the manner in which 
the tree was sawed and the condition in which the wood was cut and 
kept influence its behavior and quality. It is, therefore, extremely 
difficult to study the material for the purpose of establishing general 
laws, and it becomes necessary to make a specific inspection of the 
individual stick which is to be applied to a certain purpose. The 
selection, not only of the most suitable kinds, but of each stick, for the 
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6 ENTEODUCTION. 

purpose for which it is fit will enter into that improved practice to 
which we may look both for greater economy and greater efficiency. 

The object of this balletin is to record more systematically than has 
been done hitherto the knowledge which exists and which will help the 
wood consumer in the choice of his material and in determining whether, 
and if so why, a given stick will answer his purpose. Such inspection 
requires, first, a knowledge of the gross structure and apx)earance, 
which give indications of quality and behavior, and then, for finer 
application, a knowledge of the minute anatomical or microscopic 
structure. The minute structure will often explain the difference in 
behavior of various kinds of wood, and a knowledge of it is almost 
indispensable in distinguishing the various kinds. 

In the countries of Europe the kinds of wood used in construction 
and manufacture are so few that there is but little difficulty in distin- 
guishing them. In our own country the great variety of woods, and of 
useful woods at that, often makes the mere distinction of the kind or 
species of tree most difficult. Thus there are at least eight pines (of 
the thirty-five native ones) in the market, some of which so closely 
resemble each other in their minute structure that they can hardly be 
told apart; and yet they differ in quality and should be used separately, 
although they are often mixed or confounded in the trade. Of the 
thirty-six oaks, of which probably not less than six or eight are mar- 
keted, we can readily recognize by means of their minute anatomy at 
least two tribes — the white and the black oaks. The distinction of the 
species is, however, as yet uncertain. The same is true as to the eight 
kinds of hickory, the six kinds of ash, etc. Before we shall be able to 
distinguish the wood of these species unfailingly, more study will be 
necessary. The key given in the present publication, therefore, is by 
necessity only provisional, requiring further elaboration. It unfortu- 
nately had to be based largely on external appearances, which are not 
always reliable. Sometimes, for general practical purposes, this mere 
appearance, with some minor attributes, such as color, taste, etc., are 
together sufficient, especially when the locality is known from which 
the species came, and in the log pile the determination may by these 
means be rendered possible when a single detached piece will leave us 
doubtful as to the species. In the market the distinctions are often 
most uncertain, and a promiscuous application of names adds to the 
confusion. To be sure, there is not much virtue in knowing the correct 
name, except that it assists us in describing the exact kind of material 
we desire to obtain. Nor is there always much gained in being able to 
identify the species of wood, but that it predicates certain qualities 
which are usually found in the species. 

In selecting material, then, for special purposes we first determine 
what species to use as having either one quality which is foremost in 
our requirements, or several qualities in combination, as shown bj/ 
actual experience or by experiment. 
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INTRODUCTION. 7 

The uses of the various woods depend on a variety of conditions. 
The carpenter and builder, using large quantities of material and 
bestowing a minimum amount of labor on the greater part of the same, 
uses those kinds which are abundant, and hence cheap, to be had in 
large dimensions, light to ship, soft to work and to nail, and fairly stiii 
and insect proof— a combination represented in the conifers. They 
need not be handsome, hard, tough, or very strong, and may shrink 
even after they are in place. When it comes to finishing- woods, more 
stress is laid on color and grain and that the wood shall shrink as little 
as possible. 

The furniture maker, who bestows a maximum amount of work on 
his material, needs a wood that combines strength, and sometimes 
toughness, with beauty and hardness, that takes a good polish, keeps 
joint, and does not easily indent. It must not warp or shrink when once 
in place, but it need not be light or soft or insect proof or abundant in 
any one kind, and in large dimensions, nor yet particularly cheap. 

Toughness, strength, and hardness combined are sought by the 
wagon maker. The carriage builder, cooper, and shingle maker look 
for straight- grained, easy -splitting woods, and for a long fiber, the 
absence of disturbing resinous and coloring matter, knots, etc. Dura- 
bility under exposure to the weather, resistance to indentation, and the 
holding of spikes are required for a good railroad tie; lasting qualities, 
elasticity, and projwrtionate dimensions of length and diameter, for 
telegraph poles. 

Sometimes in practice it is immaterial whether the stick be of white 
oak or red oak, and many wood yards make no distinction, in fact do 
not know any, but the experienced cooper will quickly distinguish, not 
by name, perhaps, but by quality, the more porous red or black oak 
from the less porous white species. On the other hand, the very same 
white oak — Quercus alba, usually a superior article — may furnish so 
poor material for a handle or a plow beam that a stick of red oak would 
be preferable. The inspection, then, must be made not only for the 
species but for the quality, with reference to the purpose for which the 
stick is to be used. 

That the inspection should have regard to defects and unhealthy 
condition (often indicated by color) goes without saying, and such 
inspection is usually practiced. That knots, even the smallest, are 
defects which for some uses condemn the material altogether needs 
hardly to be mentioned, but that season checks, even those that have 
closed by subsequent shrinkage, remain elements of weakness is not 
so readily appreciated. Yet there can not be any doubt of this, since 
the intimate connection of the wood fibers, once interrupted, is never 
reestablished. The careful wood user, therefore, is concerned as to the 
manner in which his material was treated after the felling, for accord- 
ing to the more or less careful seasoning of it the season checks, not 
altogether avoidable, are more or less abundant. This is practically 
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recognized by splitting wagon and cooperage stock in the woods and 
seasoning it partly shaped, and also in making a distinction, often unnec- 
essarily, between air-dried and kiln-dried material. 

Where strength is required, the weight of the material will give 
good indications, for it is now pretty well established that weight and 
strength go more or less together. But since weight in the gre^en wood 
is made up of at least three elements, namely, that of the wood fiber 
itself, that of the water in the cell spaces, and that of the water in the 
cell walls, the weight is deceptive unless we know also the moistare 
condition of the stick or else ascertain the specific weight of the dry 
wood. That the moisture contents inftuence considerably the strength 
of the material is now well proven, strength increasing with loss of 
moisture, and hence in practice allowance should be made according to 
whether the stick is to be used where it will be exposed to the weather 
or under cover and painted. 

In some woods like the pines and the *^ring porous'' woods, such as 
oak, chestnut, and hickory, in which each annual layer or ring is made 
up of two distinct parts, the loose, porous spring wood and the dense 
and firm summer wood, the proportion of the latter per square inch of 
cross section — usually but not always depending on the width of the 
ring — furnishes a more direct criterion than the weight alone. The 
color effect of itself gives indications of the weight, since both weight 
and color effect depend on the same feature, namely, quantity of mate- 
rial; hence the larger quantity of dense summer wood on the cross 
section occasions darker color, which is usually indicative of strength. 
Color, too, must be consulted to detect incipient decay. Again, the 
difference in firmness and hardness of the summer wood itself, as tested 
by the knife or recognized in the difference of color effect by the prac- 
ticed eye, furnishes another criterion in the selection of the stick. 

Lastly, the manner in which the stick is sawed from the tree has a 
remarkable influence upon its qualities and behavior, and it should, 
therefore, either be specially sawed or selected with a view to its char- 
acter and to the purpose for which it is to be used. This is a matter 
fully appreciated among only a few wood users, like the wheelwrights, 
piano makers, etc., but it needs to be observed much more than it is, 
even in building. Quarter or rift sawing, i. e., cutting sticks or boards 
out of the log in such a manner that the annual rings are cut through 
as nearly as possible radially, has lately been practiced largely for the 
sake of the beauty of the even grain thus obtained, and also for floor- 
ing on account of the better wear which the even exposure of the grain 
(hard bands of summer wood on edge) secures ; but it should be much 
more widely applied to secure greater strength and more uniform 
seasoning and thus to reduce to some extent the one drawback to wood 
as a material of construction, that is, its liabilility to "working'' 
(shrinking and swelling). The reason for the superiority of quarter- 
sawed pieces, as well as the general fact that the manner of sawing 



m 

N 

m 



I'Sii^i^SuiiA'IS SoSlSlbehavioc of the 



9 

., will 



lAjRftJjIlbg^QtaiD the heart or pith of 
Is the weakest part on 



^1iii&i«t^ 




■ SiigEl>g[^i^^|;<^e n 



1 * vl' 




with the base in the 

epreseiiting the rings 

In the height of tlie column; 

appear in tbe top section. 

the apex of the cone; (2) 

he cone, all fibers of which 



& basal section, imperfect at 

-sided pyramids with the 

t at varying lengths. 

ikci^n^Jsf these " structural aggre- 

""*ii^ strength of the whole. If 

tUCu one side (see flg. 2) all 

•J^ck be cut out differently, 

i^^r if it be made longer or 



10 INTRODUCTION. 

shorter, or rectangular instead of square, in each case the proportion 
of each of the aggregates changes, and hence it stands to reason that 
the strength of the column, or beam, or stick, changes according to 
the manner in which it is cut from the tree. This most evident and 
Important fact has, it seems, escaped our best engineers and experi- 
menters, who have tested beams without taking account of this disturb- 
ing element, and it is certainly overlooked most generally by builders 
and carpenters in their selection of material. 

While it may perhaps not be expected that the sawing at the mill 
will be done with more care so as to secure the best results in applica- 
tion, or that the special advantage of quarter sawing will soon be suffi- 
ciently appreciated so as to extend its use in such a manner that the 
greater efficiency of the quarter-sawed material will compensate for the 
greater expense of the operation, wood users may at least be expected 
to make their selections from the sawed material in the yard, and 
shape it for their particular use with greater care. 

There is no country in which wood is more lavishly used than in the 
United States, and none in which nature has more bountifully provided 
for all reasonable requirements. In the absence of proper efforts to 
secure reproduction, tbe most valuable kinds are rapidly being deci- 
mated, and the necessity of a more rational and careful use of what 
remains is clearly apparent. By greater care in selection, however, not 
only can the duration of the supply be extended, but more satisfactory 

results will accrue from its use. 

B. E. Fernow. 
Washington, D. C, September 15j 1895. 
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CHARACTERISTICS AND PROPERTIES OF WOOD. 

I— STRUCTURE AND APPEARANCE. 

The structure of wood affords the only reliable means of distinguish 
ing the different kinds. Color, weight, smell, and other appearances, 
which are often direct or indirect results of structure, may be helpftil in 
this distinction but can not be relied upon entirely. In addition, struc- 
ture underlies nearly all the technical properties of this important 
product and furnishes an explanation why one piece differs as to these 
properties from another. 

Structure explains why oak is heavier, stronger, and tougher than 
pine; why it is harder to saw and plane, and why it is so much more 
difficult to season without injury. From its less porous structure alone, 
it is evident that a piece of a young and thrifty oak is stronger than the 
porous wood of an old or stunted tree; or that Georgia or longleaf pine 
excels white pine in weight and strength. Keeping especially in mind 
the arrangement and direction of the fibers of wood, it is clear at once 
why knots and "crossgrains" interfere with the strength of timber. 

It is due to structural peculiarities that "honeycombing" occurs in 
rapid seasoning, that "checks" or cracks extend radially and follow 
pith rays, that tangent or " bastard " boards shrink and warp more than 
quartered lumber. These same peculiarities enable cherry and oak to 
take a better finish than bass wood or coarse grained pine. 

Moreover, structure, aided by color, determines the beauty of wood. 
All the pleasing figures, whether in a hard-pine ceiling, a desk of quar- 
tered oak, or in the beautiful panels of "curly" or "bird's-eye" maple 
decorating the saloon of a ship or a palace car, are due to differences 
in the structure of the wood. Knowing this, the appearance of any 
particular section can be foretold, and almost unlimited choice and 
combination are thereby suggested. 

Thus a knowledge of structure not only enables us to distinguish the 
different woods, judge as to their qualities, and explain the causes of 
their beauty, but it also becomes an invaluable aid to the thoughtful 
worker, guiding him to a more careful selection and a more perfect use 
of his material. 

CLASSES OF TREES. 

The timber of the United States is furnished by three well-defined 
classes of trees: the needle-leaved, naked-seeded conifers (pine, cedar, 

etc.)» the dicotyledonous (with two seed leaves), broad-leaved trees (oak, 
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12 TIMBER. 

poplar, etc.)^ and to an inferior extent by the monocotyledonons (with 
one seed leaf), pabns, yuccas, and their allies, which last are confined 
to the most sonthem parts of the country. 

Broad-leaved trees are also known as deciduous trees, although 
especially in warm countries, many of them are evergreen/ while the 
conifers are commonly termed ^'evergreens," although the larch, bald 
cypress, and others shed their leaves every fall, and even the names 
^^broad-leaved ^ and '^ coniferous," though perhaps the most satisfac- 
tory, are not at all exact, for the conifer ginkgo has broad leaves and 
bears no cones. 

In the lumber trade, the woods of broad-leaved trees are known as 
^* hardwoods," though poplar is as soft as pine, and the coniferous 
woods are " soft woods," notwithstanding that yew ranks high in hard- 
ness even when compared to '^ hardwoods." 

Both in the number of dilBTerent kinds of trees or species and still 
more in the importance of their product the conifers and broad-leaved 
trees far excel the palms and their relatives. 

In the manner of growth both conifers and broad-leaved trees behave 
alike, adding each year a new layer of wood which covers the old wood 
in all parts of the stem and limbs. Thus the trunk continues to grow 
in thickness throughout the life of the tree by additions (annual 
rings) which in temperate climates are, barring accidents, accurate 
records of the tree. With the palms and their relatives the stem 
remains generally of the same diameter, the tree of a hundred years 
being as thick as it was at ten years, the growth of these being only at 
the top. Even where a peripheral increase takes place, as in the yuc- 
cas, the wood is not laid on in well-defined layers ; the structure remains 
irregular throughout. 

Though alike in their manner of growth, and therefore similar in 
their general make-up, conifers and broad-leaved trees differ markedly 
in the details of their structure and the character of their wood. The 
wood of all conifers is very simple in its structure, the fibers compos- 
ing the main part of the wood being all alike and their arrangement 
regular. The wood of broad-leaved trees is complex in structure; it is 
made up of several different kinds of cells and fibers and lacks the reg- 
ularity of arrangement so noticeable in the conifers. This difference is 
so great that in a study of wood structure it is best to consider the 
two kinds separately. 

WOOD OF CONIFEROUS TREES. 

Examining a smooth cross section or end face of a well-grown log of 
Georgia pine or Norway pine, we distinguish an envelope of reddish, 
scaly bark, a small whitish pith at the center, and between these the 
wood in a great number of concentric rings. 



^ In Ceylon even the cultivated cherry has become an evergreen. 



STRUCTURE AND APPEARANCE. 13 

HARK AND PITH. 

The bark of a pine stem is thickest and roughest near the base, 
decreases rapidly in thickness from 1^ inches at the stump to one- tenth 
inch near the top of the tree, and forms in general about 10 to 15 per 
cent of the entire trunk. 

The pith is quite thick, usually one-eighth to one-fifth inch in Norway 
pine and in the southern species, though much less so in white pine, and 
is very thin, one-fifteenth to one twenty-fifth inch in cypress, cedar, 
and larch. 

In woods with a thick pith, this latter is finest at the stump, grows 
rapidly thicker upward, and becomes thinner again in the crown and 
limbs, the first 1 to 5 rings adjoining it behaving similarly. 

SAP AND HEART WOOD. 

A zone of wood next to the bark, 1 to 3 or more inches wide, and 
containing 30 to 50 or more annual rings, is of lighter color; this is the 
sapwood, the inner, darker part of the log being the heartwood. In the 
former many cells are active and store up starch and otherwise assist in 
the life processes of the tree, although only the last or outer layer of cells 
the cambium, forms the growing part and the true life of the tree. In 
the heartwood all cells are lifeless cases, and serve only the mechan- 
ical function of keeping the tree from breaking under its own great 
weight, or from being laid low by the winds. 

The darker color of the heartwood is due to infiltration of chemical 
substances into the cell walls, but the cavities of the cells in pine are 
not filled up, as is sometimes believed, nor do their walls grow thicker, 
nor is their wall any more lignified than in the sapwood. Sapwood 
varies in width and in the number of rings which it contains, even in 
different parts of the same tree; the same year's growth which is sap- 
wood in one part of a disk may be heartwood in another. Sapwood is 
widest in the main part ot the stem and varies often within considerable 
limits, and without apparent regularity. Generally it becomes narrower 
toward the top and in the limbs, its width varying with the diameter, and 
being least, in a given disk, on the side which has the shortest radius. 
Sapwood of old and stunted pines is composed of more rings than that 
of young and thrifty specimens. Thus in a pine 250 years old, a layer 
of wood or annual ring does not change from sapwood to heartwood 
until seventy or eighty years after it is formed, while in a tree 100 years 
old, or less, it remains sapwood only from thirty to sixty years. The 
width of the sapwood varies considerably for different kinds of pines; 
it is small for longleaf and white pine, and great for loblolly and Nor- 
way pines. Occupying the peripheral part of the trunk the proi)ortion 
which it forms of the entire mass of the stem is always great. Thus 
even in old trees of longleaf pine the sapwood forms about 40 per 
cent of the merchantable log, while in the loblolly and in all young 
trees the bulk of the wood is sapwood. 
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THE ANNUAL OR YEARLY RINO. 

The concentric, annual, or yearly rings, which appear on the end 
face of a log are cross sections of so many thin layers of wood. 
Each such layer forms an envelope around its inner neighbor, and is 
in turn covered by the adjoining layer without, so that the whole stem 
is built up of a series of thin hollow cylinders, or rather cones. A new 
layer of wood is formed each season, covering the entire stem, as well 
as all the living branches. The thickness of this layer, or the width 
of the yearly ring, varies greatly in different trees and also in different 
parts of the same tree. In a normally grown, thrifty pine log the rings 
are widest near the pith, growing more and more narrow toward the 
bark. Thus the central 20 rings in a disk of an old longleaf pine may 
each be one eighth to one-sixth inch (3 to 4 mm.) wide, while the 20 
rings next to the bark may average only one-thirtieth inch (0.7 mm.). 
In our forest trees rings of one-half inch in width occur only near the 
center in disks of very thrifty trees of both conifers and hard woods; 
one-twelfth inch represents good thrifty growth, and the minimum width 
of about one two- hundredths inch (0.2 mm.) is often seen in stunted 
spruce and pine. The average width of rings in well-grown old 
white pine will vary from one-twelfth to one-eighteenth inch, while 
in the slower growing longleaf pine it may be one twenty-fifth to one- 
thirtieth of an inch. The same layer of wood is widest near the stump 
in very thrifty young trees, especially if grown in the open park, but 
in old forest trees the same year's growth is wider in the upper part of 
the tree, being narrowest near the stump and often also near the very 
tip of the stem. Generally the rings are widest near the center, grow- 
ing narrower towards bark. In logs from stunted trees the order is 
often reversed, the interior rings being thin and the outer rings widest. 
Frequently, too, zones or bands of very narrow rings, representing unfa- 
vorable periods of growth, disturb the general regularity. Few trees, 
even among pines, furnish a log with truly circular cross section ; usually 
it is an oval, and at the stump commonly quite an irregular figure. 
Moreover, even in very regular or circular disks the pith is rarely in 
the center, and frequently one radius is conspicuously longer than its 
opposite, the width of some of the rings, if not all, being greater on one 
side than on the other. This is nearly always so in the limbs, the 
lower radius exceeding the upper. 

In extreme cases, especially in the limbs, a ring is frequently con- 
spicuous on one side and almost or entirely lost to view on the other. 
Where the rings are extremely narrow, the dark portion of ring is 
often wanting, the color being quite uniform and light. The greater 
regularity or irregularity of the annual rings has much to do with the 
technical qualities of the timber. 
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and also by fine wavy concentric lines of short, thin- walled cells (see 
fig. 8 A), consists of thick-walled fibers (see &g. 8 B) and is the chief 
element of strength in oak wood. In good white oak it forms one-half 
and more of the wood; it cuts like horn, and the cut surface is shiny 
and of a deep chocolate-brown color. In very narrow-ringed wood 
and in inferior red oak it is usually much reduced in quantity as 
well as quality. 

The pith rays of the oak, unlike those of coniferous woods, are 
at least in part very large and conspicuous (see fig. 6, their height 
indicated by the letter a, and their width by the letter &). The 
large medullary rays of oak are often twenty and more cells wide 
and several hundred cell rows in height, which amount com- 
monly to one or more inches. These 
large rays are conspicuous on all sec- 
tions. They appear as long, sharp, 
grayish lines on the cross section, as 
short, thick lines, tapering at each 
end, on the tangential or " bastard '^ 
face, and as broad, shiny bands, the 
"mirrors," on the radial section. In 
addition to these coarse rays, there is 
also a large number of small pith 
rays, which can be seen only when 
magnified. On the whole, the pith 
rays form a much larger part of the 
wood than might be supposed. In 
specimens of good white oak it has 
been found that they formed about 
16 to 25 per cent of the wood. 
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If a well-smoothed, thin disk, or 
cross section of oak (say one-sixteenth 
inch thick) is held up to the light, it 
looks very much like a sieve, the 
pores or vessels appearing as clean- 
cut holes; the spring wood and gray fig. O.-Isolated fibers and cells. a, lour cells 
patches are seen to be quite por- ""^ ^^^ parenchyma; 6, two cells from a 
i_^u.i ^ X jij} j^t pith ray ; c, a single joint or cell of a vessel, 

OUS, but the nrm bodies OI nberS the openings « leading into it« upper and 

between them are dense and opaque. ^**^®^ neighbors; a, tracheid; e, wood fiber 
Examined with the magnifier it 

will be noticed that there is no such regularity of arrangement in 
straight rows as is conspicuous in the pine; on the contrary, great 
irregularity prevails. At the same time, while the pores are as large 
as pin holes, the cells of the denser wood, unlike those of pine wood. 
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COLOR AND ODOR. 

Color, like structure, lends beauty to the wood, aids in its identifica- 
tion, and is of great value in the determination of its quality. Con- 
sidering only the heartwood, the black color of the persimmon, the 
dark brown of the walnut, the light brown of the white oaks, the red- 
dish brown of the red oaks, the yellowish white of the tulip and poplar, 
the brownish red of the redwood and cedar, the yellow of the papaw 
and sumac, are all reliable marks of distinction; and color together 
with luster and weight are only too often the only features depended 
upon in practice. Newly formed wood, like that of the outer few rings, 
has but little color. The sapwood generally is light, and the wood of 
trees which form no heartwood changes but little, except when stained 
by forerunners of disease. 

The different tints of colors, whether the brown of oak, the orange 
brown of pine, the blackish tint of walnut, or the reddish cast of cedar, 
are due to pigments, while the deeper shade of the summer- wood bands 
in pine and cedar, or in oak or walnut, is due to the fact that the wood 
being denser, more of the colored wood substance occurs on a given 
space, i. e., there is more colored matter per square inch. 

Wood is translucent, a thin disk of pine permitting light to pass 
through quite freely. This translucency affects the luster and bright- 
ness of lumber. When wood is attacked by fungi it becomes more 
opaque, loses its brightness, and in practice is designated "dead" in 
distinction to "live" or bright timber. Exposure to air darkens all 
wood; direct sunlight and occasional moistening hasten this change 
and cause it to penetrate deeper. Prolonged immersion has the same 
effect, pine wood becoming a dark gray while oak changes to a blackish 
brown. 

Odor, like color, depends on chemical compounds, forming no part of 
the wood substance itself. Exposure to weather reduces, and often 
changes the odor, but a piece of dry longleaf pine, cedar, or camphor 
wood exhales apparently as much odor as ever, when a new surface is 
exposed. 

Heartwood is more odoriferous than sapwood. Many kinds of wood 
are distinguished by strong and peculiar odors. This is especially the 
case with camphor, cedar, pine, oak, and mahogany, and the list would j 

comprise every kind of wood in use, were our sense of smell developed 
in keeping with its importance. Decomposition is usually accompanied 
by pronounced odors; decaying poplar emits a disagreeable odor, 
while red oak often becomes fragrant, its smell resembling that of 
heliotrope. 

RESONANCE. 

If a log or scantling is struck with the ax or hammer, a sound is 
emitted which varies in pitch and cliaracter with the shape and size of 
the stick, and also with the kind and condition of wood. Not only can 
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sound be produced by a direct blow, but a thin board may be set vibra- 
ting and be made to give a tone by merely producing a suitable tone 
in its vicinity. The vibrations of the air, caused by the motion of the 
strings of the piano, communicate themselves to the board, which 
vibrates in the same intervals as the string and reenforces the note. 
The note which a given piece of wood may emit varies in pitch directly 
with the elasticity, and indirectly with the weight, of the wood. The 
ability of a properly shaped sounding board to respond freely to all 
the notes within the range of an instrument, as well as to reflect the 
character of the notes thus emitted (i. e., whether melodious or not), 
depends, first, on the structure of the wood and next on the uniformity 
of the same throughout the board. In the manufacture of musical 
instruments all wood containing defects, knots, cross grain, resinous 
tracts, alternations of wide and narrow rings, and all wood in which 
summer and spring wood are strongly contrasted in structure and vari- 
able in their proportions, is rejected, and only radial sections (quarter 
sawed, or split) of wood of uniform structure and growth are used. 

The irregularity in structure, due to the presence of relatively large 
pores and pith rays, excludes almost all our broad-leaved woods from 
such use, while the number of eligible woods among conifers is limited 
by the necessity of combining sufficient strength with uniformity in 
structure, absence of too pronounced bands of summer 
wood, and relative freedom from resin. 

Spruce is the favored resonance woodj it is used for 
sounding boards both in pianos and violins, while for the 
resistant back and sides of the latter, the highly elastic 
hard maple is used. Preferably resonance wood is not yiq. is.-cross 
bent to assume the final form; the belly of the violin is soction of a 
shaped from a thicker piece, so that every fiber is in the ^r^"^^*^*^ 
original as nearly unstrained condition as possible, and 
therefore free to vibrate. All wood for musical instruments is, of course, 
well seasoned, the final drying in kiln or warm room being preceded by 
careful seasoning at ordinary temperatures often for as many as seven 
years or more. The improvement of violins, not by age but by long 
usage, is probably due, not only to the adjustment of the numerous com- 
ponent parts to each other, but also to a change in the wood itself; years 
of vibrating enabling any given part to vibrate much more readily. 

II.— WEIGHT OP "WOOD. 

A small cross section of wood, as in fig. 15, dropped into water, sinks, 
showing that the substance of which wood fiber or wood is built up is 
heavier than water. By immersing the wood successively in heavier 
liquids, until we find a liquid in which it does not sink, and compar- 
ing the weight of the same with water, we find that wood substance is 
about 1.6 times as heavy as water, and that this is as true of poplar as 
of oak or pine. 
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Separating a single cell, as shown in fig. 16, a, drying and then drop- 
ping it into water, it floats. The air-filled cell cavity or interior reduces 
its weight, and, like a corked empty bottle, it weighs less than the water- 
Soon, however, water soaks into the cell, when it fills up and sinks. 

Many such cells grown together, as in a block of wood, sink when 
all or most of them are filled with water, but will float as long as the 
majority are empty or only partly filled. This is why a green, sappy- 
pine pole soon sinks in '^driving" (floating). Its cells are largely filled 
before it is thrown in, and but little additional water suffices to make 
its weight greater than that of the water. 

In a good-sized white pine log, composed chiefly of empty cells (heart- 
wood), the water requires a very long time to fill up the cells (five years 
would not suffice to fill them all), and therefore the log may float for 
many months. When the wall of the wood fiber is very thick (five- 
eighths or more of the volume), as in fig. 10, b, the fiber sinks whether 
empty or filled. This applies t^ most of the fibers of the dark summer- 
wood bands in pines, and to the compact fibers of oak or 
hickory, and many, especially tropical woods, have such 
thick walled (^ells and so little empty or air space that they 
never float. 

Here^ then, are the two main factors of weight in wood: 
The amount of cell wall, or wood substance, constant for any 
given piece, and the amount of water contained in the 
wood, variable even in the standing tree, and only in part 
eliminated in drying. 

The weight of the green wood of any species varies chiefly 
as the second factor, and is entirely misleading if the rela- 
tive weight of diflerent kinds is sought. Thus some green 
sticks of the otherwise lighter cypress and gum sink more 
readily than fresh oak. 

The weight of sapwood, or the sappy peripheral part of 
our common lumber woods, is always great, whether cut 
in winter or summer. It rarely falls much below 45 pounds 
and commonly exceeds 55 pounds to the cubic foot, even in our lighter 
wooded species. 

It follows that the green wood of a sapling is heavier than that of an 
old tree, the fresh wood from a disk of the upper part of a tree often 
heavier than that of the lower part, and the wood near the bark heavier 
than that nearer the pith, and also that the advantage of drying the 
wood before shipping is most important in sappy and light kinds. 

When kiln dried, the misleading moisture factor of weight is uni- 
formly reduced and a fair comparison possible. For the sake of con- 
venience in comparison the weight of wood is expressed either as the 
weight per cubic foot, or, what is still more convenient, as specific weight 
or density. If an old longleaf pine is cut up as shown in fig. 17, the 
wood of disk No, 1 is heavier than that of disk No. 2, the latter heavier 
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than that of disk No. 3, and the wood of the top disk is found to be 
only about three-fourths as heavy as that of disk No. 1. 

Similarly, if disk No. 2 is cut up as in the figure, the specific weight 
of the difterent pieces is : 

a about 0.52 

b about 0.64 

about 0.67 

d, €yf about 0.65 

showing that in this disk, at least, the wood formed during the many 
years' growth, represented iu piece a, is much lighter than that of 
former years. It also shows that the best wood is the middle part, 
with its large proportion of dark summerwood bands. 

Cutting up all disks in the same way, it will be found that the piece 
a of the first disk is heavier than piece a of the fifth, and that piece c 
of the first disk excels the piece c of all the other disks. This shows 
that the wood grown during the same number of years is lighter in the 
upper parts of the stem; and if the disks are smoothed on their radial 
surfaces and set up one on top of the other in their regular order for 
sake of comparison, this decrease in weight will be seen to be accom- 
panied by a decrease in the amount of summer 
wood. The color effect of the upper disks is 
conspicuously lighter. H^^.4 

If our old pine had been cut one hundred and ^,.-^-?^?*^ 
fifty years ago, before the outer, lighter wood /^^^^^^\ J'^'*' 
was laid on, it is evident that the weight of the ^^^^^^^ 
wood of any one disk would have been found to If^^^^^f Mrf«.2 
increase from the center outward, and no subse- ^^iUiOjIil^^ 
quent decrease could have been observed. H'?^'' 

In a thrifty young pine, then, the wood is 
heavier from the center outward, and lighter ^»°' i^-orientation of wood 

samples. 

from below upward ; only the wood laid on in 

old age falls in weight below the average. The number of brownish 

bands of summer wood are a direct indication of these differences. 

If an old oak is cut up in the same manner, the butt cut is also 
found heaviest and the top lightest, but, unlike the disk of pine, the 
disk of oak has its firmest wood at the center and each successive piece 
from the center outward is lighter than its inner neighbor. 

Examining the pieces, this difference is not as readily explained by 
the appearance of each piece as in the case of i^ine wood. Neverthe- 
less, one conspicuous point appears at once, the pores, so very distinct 
in oak, are very minute in the wood near the center and thus the wood 
is far less porous. Studying different trees it is found that, in the pines, 
wood with narrow rings is just as heavy as, and often heavier than 
the wood with wider rings, but if the rings are unusually narrow in 
any i)art of the disk the wood has a lighter color; that is, there is less 
summer wood and therefore less weight. 

In oak, ash, or elm trees of thrifty growth, the rings fairly wide (not 
less than one-twelfth inch), always form the heaviest wood, while any 
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piece with very narrow rings is light. Ou the other hand, the weight 
of a piece of hard maple or birch is quite independent of the width of 
its rings. 

The bases of limbs (knots) are usually heavy, very heavy in conifers, 
and also the wood which surrounds them, but generally the wood of the 
limbs is lighter than that of the stem, and the wood of the roots is the 
lightest. 

In general, it may be said that none of the native woods in common 
use in this country are, when dry, as heavy as water, i. e., 62 pounds to 
the cubic foot. Few exceed 50 pounds, while most of them fall below 40 
pounds, and much of the pine and other coniferous wood weighs less 
than 30 pounds per cubic foot. 

The weight of the wood is, in itself, an important quality. Weight 
assists in distinguishing maple from poplar. Lightness, coupled with 
great strength and stiffness, recommends wood for a thousand different 
uses. To a large extent weight predicates the strength of the wood, 
at least in the same species, so that a heavy piece of oak will exceed in 
strength a light piece of the same species, and in pine it appears prob- 
able that, weight for weight, the strength of the wood of various pines 
is nearly equal. 

Weight of kiln-dried wood of different species. 





. Approximate. 




Specific 
weight. 


Weight of— 




1 cubic 
foot. 


1,000 feet 
of lum- 
ber. 


(o) Very heavy woods : 

Hickory, oak, persimnion, osage orange, black locust, hackberry, 
blue beech, best of elm, and ash 


0. 70-0. 80 
.60- .70 

.50- .60 

.40- .50 
.30- .40 


Pounds. 
42-48 

36-42 

30-36 

24-30 
18-24 


Poundt. 
3,700 

3,200 

2,700 

2,200 
1,800 


(b) Heavy woods : 

Ash, elm, cherry, birch, maple, beech, walnut, aour gum, coffee 
tree, honey locust, best of Southern nine, and tamarack 


(c) Woods of medium weight: 

Southern pine, pitch pine, tamarack, Douglas spruce, western 
hemlock, sweet gum, soft maple, sycamore, sassafras, mul- 
berry, lisht grades of birch and cherry 


(d) Light woods: 

Norway and bull pine, red cedar, cypress, hemlock, the heavier 
spruce and fir, redwood, basswood, chestnut, butternut, tulip, 
catalna, buckeye, heavier srrades of poplar 


(«) Very light woods : 

W hite pine, spruce, tir. white cedar, poplar 





For scientific names see list, p. 72. 

Since ordinary lumber contains knots and also more water than ia 
here assumed, and also since its dimensions either exceed or fall short 
of perfect measurement, the figures in the table are only approximate. 

Thus, 1,000 feet, B. M., of longleaf pine weighs : 

Founds. 

Rough and green 4,500 

Boards, rough but seasoned 3, 500 

Boards, dressed and seasoned 3, 000 

Flooring, matched, dressed and seasoned 2, 500 

Weatherboarding beveled and dressed .* 1,500 
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ni.— MOISTURE IN WOOD. 

Water may occur in wood in tliree conditions: (1) It forms the 
greater part (over 90 per cent) of the protoplasmic contents of the 
living cells; (2) it saturates the walls of all cells, and (3) it entirely or 
at least partly fills the cavities of the lifeless cells, fibers, and vessels. 
In the sapwood of pine it occurs in all three forms; in the heartwood 
only in the second form, it merely saturates the walls. Of 100 pounds 
of water associated with 100 pounds of dry wood substance in 200 
pounds of fresh sapwood of white pine, about 35 pounds are needed to 
saturate the cell walls, less than 5 pounds are contained in living cells, 
and the remaining 60 pounds partly fill the cavities of the wood fibers. 
This latter forms the sap as ordinarily understood. It is water brought 
from the soil, containing small quantities of mineral salts, and in cer- 
tain species (maple, birch, etc.) it also contains at certain times a small 
percentage of sugar and other organic matter. These organic sub- 
stances are the dissolved reserve food, stored during winter in the pith 
rays, etc., of the wood and bark; generally but a mere trace of them is 
to be found. From this it appears that the solids contained in the sap, 
such as albumen, gum, sugar, etc., can not exercise the influence on 
the strength of the wood which is so commonly claimed for them. 

The wood next to the bark contains the most water. In the species 
which do not form heartwood the decrease toward the pith is gradual, 
but where this is formed, the change from a more moist to a drier con- 
dition is usually quite abrupt at the sapwood limit. In lougleaf pine, 
the wood of the outer 1 inch of a disk may contain 50 per cent of water, 
that of the next, or second inch, only 35 per cent, and that of the heart- 
wood only 20 per cent. In such a tree the amount of water in any one 
section varies with the amount of sapwood, and is therefore greater 
for the upper than the lower cuts, greater for limbs than stems, and 
greatest of all in the roots. 

Different trees, even of the same kind and from the same place, differ as 
to the amount of water they contain. A thrifty tree contains more water 
than a stunted one, and a young tree more than an old one, while the wood 
of all trees varies in its moisture relations with the season of the year. 

Contrary to the general belief a tree contains about as much water 
in winter as in summer. The fact that the bark peels easily in the 
spring depends on the presence of incomplete, soft tissue found between 
wood and bark during this season and has little to do with the total 
amount of water contained in the wood of the stem. 

Even in the living tree a flow of sap from a cut occurs only in cer- 
tain kinds of trees and under special circumstances; from boards, tim- 
ber, etc., the water does not flow out, as is sometimes believed, but must 
be evaporated.^ 

^The seeming exceptions to this rale are mostly referable to two causes^ namely: 
(a) Clefts or ''shakes" will allow water contained in them to flow out. (6) From 
sound wood, if very sappy, water is forced out whenever tU© wood i§ warmed, just 
^8 water flows from greeu wood iu the stove. 
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The rapidity with which water is evaporated, that is, the rate of 
drying, depends on the size and shape of the piece and oa the struc- 
ture of the wood. An inch board dries more than four times as fast 
as a 4-inch plank and more than twenty times as fast as a 10-inch 
timber. White pine dries faster than oak. A very moist piece of pine 
or oak will, during one hour, lose more than four times as much water 
per square inch from the cross section, but only one-half as much from 
the tangential, as from the radial section. 

In a long timber, where the end or cross sections form but a small 
part of the drying surface, this difference is not so evident. Never- 
theless, the ends dry and shrink first, and being opposed in this shrink- 
ing by the more moist adjoining parts, they check, the cracks largely 
disappearing as seasoning progresses. 

High temperatures are very effective in evaporating the water from 
wood, no matter how humid the air. A fresh piece of sapwood may 
lose weight in boiling water, and can be dried to quite an extent in 
hot steam. 

Kept on a shelf in an ordinary dwelling wood still retains 8 to 10 
per cent of its weight of water, and always contains more water per 
pound than the surrounding air. Nor is this amount of water constant; 
the weight of a pan full of shavings varies with the tune of day, being 
on a summer day greatest in the morning and least in the afternoon. 

Desiccating the air with chemicals will cause the wood to dry, but 
wood thus dried at 80^ F. will still lose water in the kiln. Wood dried 
at 120^ F. loses water still if dried at 200° F., and this again will lose 
more water if the temperature is raised. So that absolutely dry wood 
can not be obtained, and chemical destruction sets in before all the 
water is driven off*. 

On removal from the kiln the wood at once takes up water from the 
air, even in the driest weather. At first the absorption is quite rapid; 
at the end of a week a short piece of pine, lA inches thick, has regained 
two-thirds of, and, in a few months, all the moisture which it had when 
air dry, 8 to 10 per cent, and also its former dimensions. 

In thin boards all parts soon attfiin the same degree of dryness; in 
heavy timbers the interior remains moister for many months, and even 
years, than the exterior parts. Finally an equilibrium is reached, and 
then only the outer parts change with the weather. 

With kiln-dried wood all parts are equally dry, and when exposed 
the moisture coming from the air must pass in through the outer parts, 
and thus the order is reversed. Ordinary timber requires months 
before it is at its best; kiln-dry timber, if properly handled, is prime 
at once. 

Dry wood, when soaked in water, soon regains its original volume, 
and in the heartwood portion it may even surpass it; that is to say, 
swell to a larger dimension than it had when green. With the soaking 
it continues to increase in weight, the cell cavities filling with water^ 
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and if left many months all pieces sink. Yet even after a year's immer- 
sion a piece of oak 2 by 2 inches and only 6 inches long still contains 
air, i. e., it has not taken up all the water it can. By rafting, or pro- 
longed immersion, wood loses some of its weight, soluble materials 
being leached out, but it is not impaired either as fuel or as building 
material. Immersion and, still more, boiling and steaming reduce the 
hygroscopicity of wood and, therefore, also the troublesome "working'' 
or shrinking and swelling. 

Exposure in dry air to a temperature of 300^ F, for a short time 
reduces, but does not destroy, the hygroscopicity and with it the tend- 
ency to shrink and swell. A piece of red oak, which has been sub- 
jected to a temperature of over 300o F., still swells in hot water and 
shrinks in the kiln. 

In artificial drying, temperatures of from 158o F. to ISOo F. are 
usually employed. Pine, spruce, cypress, cedar, etc., are dried fresh 
from the saw, allowing four days for 1-inch boards; hard woods, espe- 
cially oak, ash, maple, birch, sycamore, etc., are air-seasoned for three to 
six months, to allow the first shrinkage to take place more gradually, 
and are then exposed to the above temperatures in the kiln for about 
six to ten days for 1-inch lumber. Freshly cut poplar and cottonwood 
are often dried directly in kilns. 

By employing lower temperatures, lOQo to 120° F., green oak, ash, 
etc., can be seasoned in dry kilns without danger to the material. 
Steaming the lumber is commonly resorted to in order to prevent check- 
ing and **casehardening," but not, as has frequently been asserted, to 
enable the board to dry. Yard-dried lumber is not dry, and its moist- 
ure is too unevenly distributed to insure good behavior after manufac- 
ture. Careful piling of the lumber, both in the yard and kiln, is essen- 
tial to good drying. Piling boards on edge or standing them on end 
is believed to hasten drying. This is true only because in either case 
the air can circulate more freely around them than when they are piled 
in the ordinary way. Boards on end dry unequally; the upper half 
dries much faster than the lower half and horizontal piling is, there^re, 
preferable. 

Since the proportion of sap and heart wood varies with size, age, 
species, and individual, the following figures must be regarded as mere 
approximations : 

Pounds of water lost in drying 100 pounds of green wood in the kiln. 



(1) Pines, cedars, spruces, and firs 

(2) Cypreaa. extremely variable - 

(3) Poplar, cottonwood. basswood 

(4) Oak, beecb,ash» elm, maple, bircb, bickory, cbestnut, walnut, and syca- 
more , 



Sapwood or 
outer part 




Heartwood 
or interior. 



16-25 
18-60 
40-60 

30-40 



The lighter kinds have the most water in the sapwood, thus sycamore bas more than hickory. 
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Fio. 18.— Short pieces of -wood fibers, one thick, 
the other thinwalled ; magnified. 



IV.— SHRINKAGE OP WOOD. 

When a short piece of wood fiber, such as that shown in fig. 18, J., is 
dried it shrinks, its wall grows thinner (as indicated by dotted lines), 

its width, a by the thickness of the 
fiber, becomes smaller, and the 
cavity or opening larger, but, 
strange to say, the height or length, 
b c, remains the same. In a similar 
piece of fiber with a thinner wall 
(fig. 18, B) the effect is the same, 
but the wall being only half as 
thick the total change is only about 
half as great.' 

If sections or pieces of fibers are 
dried and then placed on moist 
blotting paper, they will 
take up water and swell to 
their original size, though 
the water has been taken 
up only by their walls and 
none has entered into their 
openings or lumina. This 
indicates that the water in the cavity or lumen of a fiber has 
nothing to do with its dimensions, and that if the cell walls 

are saturated it makes no difference in 
the volume of a block of pine wood 
whether the cell cavities are empty as 
in the heartwood or three-fourths filled 
as in the sap wood. 

If an entire fiber, as shown in fig. 19, is dried, 
the wall at its ends a and bj like those of the 
sides, grow thinner, and thereby the length of 
the entire cell grows shorter. Since this length 
is often a hundred or more times as great as 
the diameter, the effect of this shrinkage is 
inappreciable; and if a long board shrinks 
lengthwise, it is largely due, as we shall see, to 
quite another cause. 

A thin cross section of several fibers (see fig. 
20, A) like the piece of a single fiber shrinks 

FIG. 20.- warping ot wood. ^^^^^ ^^^.^^^ ^^^ ^^^^ ^^ ^^^ ^^^^^ bcCOmCS thiu- 

ner, and thus each piece smaller, and the piece on the whole necessarily 

' Though generally true, it must not be supposed that the fibers of all species, or 
even the fibers of the same tree, shrink exactly in proportion to the thickness of 
their walls. 
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Fig. 19.— 
Isolated 
cell. 
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35 





^shrinking as much as they otherwise would. Thus the structure is 
subjected to two severe strains at right angles to each other, and herein 
lies the greatest difficulty of wood seasoning, for whenever the wood 
dries rapidly these fibers have not the chance to "give" or accommo- 
date themselves, and hence fibers and pith rays separate and checks 
result which, whether visible or not, are detrimental in the use of the 
wood. 

The contraction of the pith rays parallel to the length of the board is 
probably one of the causes of the small amount of longitudinal shrink- 
age which has been observed in boards.* The smaller shrinkage of the 
pith rays along the radius of the log (the length of the pith ray) oppos- 
ing the shrinkage of the fibers in this direction becomes one of the 
causes of the second great trouble in wood seasoning, namely, the dif- 
ference In the amount of the shrinkage along the radius 
and that along the rings or tangent. 

This greater tangential shrinkage appears to be due, 
in part, to the cause just mentioned, but also to the 
fact that the greatly shrinking bands of summer 
wood are interrupted, along the radius, by as many 
bands of porous spring wood, while they are contin- 
uous in the tangential direction. In this direction, 
therefore, each such band tends to shrink, as if the 
entire piece were composed of summer wood, and since 
the summer wood represents the greater part of the 
wood substance, this tendency of greater tangential 
shrinkage prevails. 

The eft'ect of this greater tangential shrinkage 
affects every phase of woodworking. It leads to per- 
manent checks, and causes the log to split oi)en on 
drying. 

Sawed in two, the flat sides of the log become con- 
vex, as in fig. 23; sawed into a timber, it checks along 
the median line of the four faces, and if converted 
into boards, the latter take on the forms shown in fig. 23, all owing to 
the greater tangential shrinkage of the wood. 

Briefly, tlien, shrinkage of wood is due to the fact that the cell walls 
grow thinner on drying. The thicker cell walls and therefore the 
heavier wood shrinks most, while the water in the cell cavities does not 
influence the volume of the wood. Owing to the great difference of 
cells in shape, size, and thickness of walls, and still more in their 
arrangement, shrinkage is not uniform in any kind of wood. This 
irregularity produces strains, which grow with the difference between 

^In addition to this all fibers haviug an oblique position^ as those at pith rays and 
knots, also the oblique, tapering ends of all fibers contribute to this longitudinal 
shrinkage, since one component of their normal shrinkage is longitudinal. 





Fig. 23.— E fleets of 
shrinkage. 
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adjoining cells and are greatest at the pith rays. These strains cause 
warping and checking, but exist even where no outward signs are visi- 
ble; they are greater if the wood is dried rapidly than if dried slowly, 
but can never be entirely avoided. 

Temporary checks are caused by the more rapid drying of the outer 
parts of any stick ; permanent checks are due to the greater shrink- 
age, tangeutially, along the rings than that along the radius. This, 
too, is the cause of most of the ordinary phenomena of shrinkage, such 
as the difference in behavior of entire and quartered logs "bastard" 
(tangent) and "rift" (radial) boards, etc., and explains many of the 
phenomena erroneously attributed to the influence of bark, or of the 
greater shrinkage of outer and inner parts of any log. 

Once dry, wood may be swelled again to its original size by soaking 
in water, boiling, or steaming. (Soaked pieces, on drying, shrink again 
as before; boiled and steamed pieces do the same, but to a slightly less 
degree. Neither hygroscopicity, i. e., the capacity of taking up water, 
nor shrinkage of wood can be overcome by drying at temperatures below 
200O F. Higher temperatures, however, reduce these qualities, but 

nothing short of a coaling heat robs wood 
of the cajiacity to shrink and swell. Rapidly 
dried in the kiln, the wood of oak and other 
hard woods "case-harden," that is, the outer 
part dries and shrinks before the interior 

FiQ. 24.-' HoBeycombed" board, has a chaucc to do the samc, and thus forms 
The checks or cracks form along a firm shcll or casc of shrunkcu, commouly 
the pith rays. chcckcd wood arouud the interior. This shell 

does not prevent the interior from drying, but when this drying occurs, 
the interior is commonly checked along the medullary rays, as shown 
in fig. 24. In practice this occurrence can be prevented by steaming the 
lumber in the kiln, and still better by drying the wood in the open air 
or in a shed before placing in the kiln. Since only the first shrinking 
is apt to check the wood, any kind of lumber which has once been air 
dried (three to six months for l-inch stuff) may be subjected to kiln heat 
without any danger. Kept in a bent or warped condition during the 
first shrinking, the wood retains the shape to which it was bent and 
firmly opposes any attempt at subsequent straightening. 

Sapwood, as a rule, shrinks more than heartwood of the same weight, 
but very heavy heartwood may shrink more than lighter sapwood. 
The amount of water in wood is no criterion of its shrinkage, since in 
wet wood most of the water is held in the cavities, where it has no 
effect on the volume. 

The wood of pine, spruce, cypress, etc., with its very regular struc- 
ture, dries and shrinks evenly and suffers much less in seasoning than 
the wood of broad-leafed trees. Among the latter, oak is the most 
difficult to dry without injury. Small-sized split ware and "rifb^' 
boards season better than ordinary boards and planks. 
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To avoid "working" or warping and checking, all high-grade stock 
is carefully seasoned, preferably in a kiln, before manufacture. Thicker 
pieces may be made of several parts glued together; larger surfaces are 
made in panels or of smaller pieces covered with veneer. Boring is 
sometimes resorted to to prevent the checking of wooden columns. 

Since repeated swelling increases the injuries due to seasoning, wood 
should be protected against moisture when once it is dry. 

Since the shrinkage of our woods has never been carefully studied, 
and since wood, even from the same tree, varies within considerable 
limits, the figures given in the following table are to be regarded as 
mere approximations. The shrinkage along the radius and that along 
the tangent (parallel to the rings) are not stated separately in the 
following table, and the figures represent an average of the shrinkage 
in the two directions. Thus, if the shrinkage of soft pine is given at 
3 inches per hundred, it means that the sum of radial and tangential 
shrinkage is about 6 inches, of which about 4 inches fall to the tangent 
and 2 inches to the radius, the ratio between these varying from 3 to 2, 
a ratio which piractically prevails in most of our woods. 

Since only an insignificant longitudinal shrinkage takes place (being 
commonly less than 0.1 inch per hundred), the change in volume during 
drying is about equal to the sum of the radial and tangential shrink- 
age, or twice the amount of linear shrinkage indicated in the table. 

Thus, if the linear average shrinkage of soft pine is 3 inches per 
hundred, the shrinkage in volume is about 6 cubic inches for each 100 
cubic inches of fresh wood. 

Approximate shrinkage of a hoard f or set of hoards, 100 inches wide, drying in the open air. 



Shrink- 
age. 



(1) All light conifers (soft pine, spruce, cedar, cypress) 

(2) Heavy conifers (hard pine, tamarack, yew), lioney locust, box elder, wood of old oaks. 

(3) Ash, elm, walnut, poplar, maple, beech, sycamore, cheiry, black locust 

(4) Bass wood, birch, chestnut, horse chestnut, blue beech, young locust 

(5) Hickory, young oak, especially red oak 



Inches. 
3 
4 
5 
6 
Up to 10 



v.— MECHANICAL PROPERTIES OP "WOOD. 

Every joist and studding, every rafter, sash, and door, the chair we 
sit on, the floor we walk on, the wood of the wagon or boat we ride in 
are all continually tested as to their stiffness and strength, their hard- 
ness and toughness. Every step from the simple splitting of a shingle 
or stave to the construction of the most elegant carriage or sideboard 
involves a knowledge, not only of one, but of several, of the mechanical 
properties of the material. 

In the shop the fitness of the wood for a given purpose never depends 
on any one quality alone, but invariably upon a combination of several 
qualities. A spoke must not only be strong, it must be stiff to hold its 
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shape, it most be tough to avoid shattering to pieces, and it must also 
be hard or else its tenons will become loose in their mortises. 

Selecting wood in this way, the woodworker has learned almost all 
that is at present known about his material, but in many cases the 
great difficulty which always attends the judgment of complex phe- 
nomena has led to erroneous conclusions, and not a few well-established 
beliefs have their origin more in accidental error of observation than 
in fact. 

The experimenter endeavors to avoid this complexity by testing the 
wood for each kind of resistance separately; when tested as to their 
stiffness, the pieces are all shaped, placed, and loade«1 alike. The wood 
is selected with a definite object in view; it is green or dry, clear or 
knotty, straight or crossgrained, according as he wishes to find out the 
influence of each of these conditions. If pine and oak are to be com- 
pared, the pieces are from the same position in the tree and are tried 
under exactly the same conditions, and thus the case is simplified. 

But even results thus arrived at can not be used indiscriminately, and 
the figures on the strength of oak given in any book must not be sup- 
posed to apply to all oak, if tested in the given manner. This is due 
to the fact that a piece of wood is not simply a material but a structure, 
iust as much as a railroad bridge Or a balloon frame, and as such varies 
greatly even in the wood of the same tree, nay, more than that, even in 
the same year's growth of the same cross section of a log. 

A scantling resists bending; it is stiff. On removal of the load it 
straightens; it is elastic. A column, a prop, or the spoke of a wagon 
wheel resists being crushed endwise. So does the upper side of a joist 
or beam when loaded, while the underside of the beam or of an ax 
handle suffers in tension. The tenons of a window sash or door tend to 
break out their mortises, the wood has to resist shearing along the fibers ; 
the steel edge of the eye tends to cut into the hammer handle, it tries 
to shear it. across the grain, and every nail, screw, bore hole, or mortise 
tends to split the board and tries the wood as to its deavability, while 
all "bent" ware, from the wicker basket to the one-piece felly or ship's 
knee, involves its flexibility. 

STIFFNESS. 

If 100 i)ounds placed in the middle of a stick 2 by 2 inches and 4 feet 
long, supported at both ends, bend or '^deflect" this stick one-eighth of 
an inch (in the middle), then 200 jwunds will bend it about one-fourth 
inch, 300 pounds three-eighths inch, the deflection varying directly as 
the load. Soon, however, a point is reached where an additional 100 
pounds adds more than one-eighth inch to the deflection — the limit of 
elasticity has been reached. Taking another piece from the straight 
grained and perfectly clear plank of the same depth and width, but 8 
feet long, the load of 100 pounds will cause it to bend not only one- 
eighth inch, but will deflect it by about 1 inch. Doubling the length 
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reduces the stiffhesB eightfold. StifEhess then decreases as the cuhe of 
the length. 

Cutting out a piece 2 by 4 inches and 4 i(eet long, placing it flatwise 
80 that it is doable the width of the former stick and loading it with 
100 pounds, we find it bending only one-sixteenth inch; doubling the 
width doubles the stiffness. 

Setting the same 2 by 4 inch piece on edge, so that it is 2 inches wide 
and 4 inches deep, the load of 100 pounds bends it only about one 
sixty-fourth inch; doubling the thickness increases the stiffness about 
eightfold. 

It follows that if we double the length and wish to retain the same 
stifiness we must also double the thickness of the piece. 

A piece of wood is usually stiffer with the annual rings set vertically 
than if the rings are placed horizontally to the load. 

Crossgrained and knotty wood, to be sure, is not as stiff as clear 
lumber; a knot on the upper side of a joist, which must resist in com- 
pression, is, however, not so detri- 
mental as a knot on the lower side, / . — ^^^ ^ \^ """f^J^At 
where it is tried in tension. 'fi-'-fir.— — — — j— — — '• ^^^JIB 

Every large timber which comes ^ ^l^^^^^-'K 
from the central part of the tree con- 

, . - , , , « .^ •• . Fig. 25. — Bending a beam. 

tains knots, and much of its wood is 

cut more or less obliquely across the grain, both conditions rendering 

such material comparatively less stiff than small clear pieces. 

The same stick of pine, green or wet, is only about two-thirds as 
stiff as when dry. A heavy piece of longleaf pine is stiffer than a light 
piece; heavy pine in general is stiffer than light pine, but a piece of 
hickory, although heavier than the pine, may not be as stiff as the 
piece of longleaf pine, and a good piece of larch exceeds in stiffness 
any oak of the same weight. 

In the same tree stiffness varies with the weight, the heavier wood 
being the stiffer; thus the heavier wood of the butt log is stiffer than 
that of the top; timber with much of the heavy summer wood is stiffer 
than timber of the same kind with less summer wood. In old trees (of 
pine) the center of the tree and the sap are the least stiff; in thrifty 
young pine the center is the least stiff, but in young second growth 
hard woods it is the stiffest. 

Since it is desirable, and for many purposes essential, to know before 
hand that a given piece with a given load will bend only a given 
amount, the stiffness of wood is usually stated in a uniform manner 
and under the term " modulus (measure) of elasticity.^' 

If AB, fig. 25, is a piece of wood, and d the deflection produced by a 
weight or load, the elasticity of the wood, as usually stated, is found 
by the formula: 

W J? 
Modulus of elasticity = , ^ ^ ^^ — 

4 D 6^3 
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Inhere W is the weight, I the length, b and d the breadth and depth of 
the stick, and D the deflection for the load W. In the following table 
the woods are grouped according to their stiffness. The figures are only 
rough approximations which are based on the data given in Vol. IX of 
the Tenth Census. The first column contains the above modulus, the 
second shows how many i)ounds will produce a deflection of 1 inch in a 
stick 1 by 1 by 12 inches, assuming that it could endure such bending 
within the limits of elasticity, and the third column gives the number 
of pounds which will bend a stick 2 by 2 inches and 10 feet long through 
1 inch. 

The stick is assumed to rest on both ends ; if it is a cantilever, i. e., 
fastened at one end and loaded at the other, it bears but half as much 
load at its end for the same deflection. 

From the third column it is easy to find how many pounds would 
bend a piece of the same kind of other dimensions. A 2 by 4 inch 
bears eight, a 2 by 6 inch twenty-seven times as much as the 2 by 2 
inch^ apiece 8 feet long is about twice as stiff as a 10-foot piece; a 
piece 12 feet, only about three-fifths, 14 feet one-third, 16 feet two- 
ninths, 18 feet one-sixth, and 20 feet one-eighth as stiff. 

The number of pounds which will bend any piece of sawed timber 
by 1 inch may be found by using the formula: 

Necessary weight = — p — 

where E is the figure in the first column, ft, <f, Z, breadth, depth, and 
length of the timber in inches. If the deflection is not to exceed one- 
half inch, only one-half the load, and if one-fourth inch, only one- fourth 
the load, is permissible. 

To allow for normal irregularities in the structure of wood itself, 
as well as in the aggregate structure of timbers, an allowance is made 
on the numbers which have been found by experiment; this allowance 
is called the "factor of safety." Where the selection of the wood is 
not very perfect, the load is a variable one, and the safety of human life 
depends on the structure, the factor is usually taken quite high, as 
much as 6 or 10, i. e., only one-sixth or one-tenth of the figures given 
in the tables is considered safe, and the beam is made six to ten times 
as heavy as the calculation requires. 
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Table of stiffness {modulus of elasticity) of dry wood. — General averages. 



Species. 



(1) Live oak, good tamarack, longleaf, Cuban, and short- 

leaf pine, good Douglas spruce, western hemlock, yel- 
low and cherry birch, hard maple, beech, locast, and 
the best of oak and hickory 

(2) Birch, common oak, hickory, white and black spruce, 

loblolly and red pine, cypress, best of ash, elm, and 
poplar and black walnut 

(3) Maples, cherry, ash. elm, sycamore, sweet gum, butter- 

nut, poplar, bass wood, white, sugar and bull pine, 
cedars, scrub pine, hemlock, and fir 

(4) Box elder, horse chestnut, a number of western soft 

pines, inferior grades of hard woods 

I Less than. 



Modulus of 
elasticity 

4D6d» 
per square 
incn. 



Pounds. 

],68U,000 



1, 400, 000 

1.100,000 
1,100,000 



Approximate weight which 
deflects by 1 inch a piece— 



1 by 1 inch 

and 12 
inches long. 



Pounds. 
3.900 



3,200 

2,500 
'2,500 



2 by 2 inches 

and 10 

feet long. 



Pounds. 



62 

51 

40 
40 



CROSS-BREAKINa OR TRENDING STRENGTH. 

When the addition of 100 pounds to the load on oar 2 by 2 inch piece 
begins to add more than one-eighth inch to the deflection, that is, when 
the stick has been bent beyond its "elastic limit," it still requires an 
increase of 30 to 50 per cent to the load before the stick breaks. The 
load which is borne before the limit of elasticity is reached indicates 
the strength of the wood up to this important i)oint; the load which 
causes it to break represents its absolute strength, or the "cross-break- 
ing or bending strength" as it is commonly called. 

In longleaf pine the former (modulus of strength at the elastic limit),* 
is commonly about three-fourths of the latter. If left loaded for a con- 
siderable time, a load but little greater than that which brings the 
stick to its elastic limit will cause it to break, and this load should there- 
fore not be exceeded. 

Unlike the stiffness, the strength of a timber varies approximately 
with the squares of the thickness and decreases directly with increas- 
ing length and not with the cube of this latter dimension. Thus, if our 
piece 2 by 2 inches and 4 feet long can bear 1,000 pounds before it 
breaks, a 2 by 4 inch laid flat will break with about 2,000 pounds, and 
if set edgewise, it requires about 4,000 pounds to break it, while a 
piece of the same kind of 2 by 2 inches, and double the length (8 feet), 
breaks with half the original load, or only 500 pounds. 

All conditions of the material which influence the stiffness also influ- 
ence the bending strength. Seasoning increases, moisture decreases, 
the strength; knots and crossgrain depress it and both are more 
dangerous on the lower than on the upper side. But while the conifers 
with their simple cell structure excel in stift'ness, the better hard woods 

^ The elastic limit in this case is somewhat of an arbitrary quantity, namely, the 
point where 100 pounds produces a deflection 50 per cent greater than the preceding 
100 pooudfi. 
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develop the greater strength in bending. Like elasticity and stiffness, 
the strength is expressed in a uniform manner by the so-called "modu- 
lus of rupture," to permit ready estimation of the strength of any 
given piece. This modulus refers to the resistance which the parts 
most strained, "the extreme fiber," offer. For reasons above stated^ 
in practice a factor of safety is employed, as in all these calculations 
of resistance. The figures usually tabulated are obtained by the 
formula : 

Strength of extreme fiber = —^yji 

where W is the breaking load, I the length, h and d the breadth and 
depth of the tested piece of wood. 

The following table presents our common woods grouped as to their 
strength in bending. The load, as before, is supposed to act altogether 
in the middle. Column 1 gives the strength of the extreme fiber, as 
explained above; column 2, the number of j)ounds which will break a 
piece 1 by 1 inch and 12 inches long, and column 3, the strength of a 
stick 2 by 2 inches and 10 feet long, from which the strength of any 
given piece can readily be estimated, allowing, however, fot defects, 
which increase with the size. Thus, if a good piece of pine 2 by 2 inches 
and 10 feet long breaks with 400 i>ounds, a 2 by 4 inch set on edge 
requires 1,600 pounds, a 2 by 6 inch, 3,600 pounds, a 2 by 8 inch piece 
6,400 pounds to break it. If a piece 2 by 4 inches and 10 feet long 
breaks with 1,600 pounds, a 2 by 4 inch and 12 feet long piece breaks 
with about 1,300 pounds, one 16 feet with 1,000 pounds, etc., and if a 
factor of safety of 10 is allowed, only one-tenth of the above loads are 
permissible. 

A board one-half inch by 12 inches and 10 feet long contains as much 
wood as a 2 by 3 inch of the same length, and if placed edgewise should 
offer four times as much resistance to breaking. Owing to its small 
breadth, however, it "twists" when loaded, and in most cases, there- 
fore, bears less than the 2 by 3 inch. To prevent this twisting, joists 
are braced, and the depth of timbers is made not to exceed four times 
their thickness. 

Short deep pieces shear out or split before their strength in bending 
can fully be called into play. 
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Strength in cross-breaking of welUseasonedy select pieces. 





Strength of 
the extreme 
fiber 
SWl 

'— i bd^ 

per square 

inch. 


Approximate weight 
which breaks a stick — 




1 by 1 inch 

and 12 inches 

long. 


2 by 2 inches 

and 10 feet 

long. 


(1> Kobinia (locnst), hard maple, hickory, oak, birch, best 
ash and elm, longlcat, shortleaf, and ('uban pices, 
tamarack 


Pounds. 
13,000 

10,000 
6,500 


Pounds. 
720 

550 
350 


Pounds. 

570 


(2) Soft maple, cherry, ash, c-lm, walnut, inferior oak, and 

birch, Dest poplar, Norway, loblolly and pitch pines, 
black and white spruce, liemlock and good cedar 

(3) Tnlip, basswood, sycamore, butternut, poplars, white 

and other soft pines, firs, and cedars 


440 
280 





TENSION AND COMPRESSION. 

When a piece of wood is pulled lengthwise, in the manner shown in 
fig. 2G, part of the fibers are torn asunder or broken, but many are 
merely pulled or shredded out from between their 
neighbors. Since failure in tension thus involves 
lateral adhesion as well as strength of fibers, it is 
affected not only by the nature and dimensions of the 
fibers but also by their arrangement. Owing to their 
transverse position the medullary rays (a large part of 
all woods) offer but one-tenth to one-twentieth as much 
resistance as the main body of fibers and moreover 
weaken the timber by disturbing the straight course of 
the fibers and the regularity of the entire structure. 

The resistance is also 
much affected by the 
position of the grain. 
The perfectly cross- 
grained piece a (fig. 27) 
sustains but about one-tenth to one- 
twentieth of the load which is sup- 
ported by the straight-grained piece c, 
and it is evident that the piece b, 
which represents the ordinary case of crossgrain, is likewise weakened 
by the oblique position of the grain. 



This explains the detrimental influ- 
ence of a knot on the underside of a 
board, as in fig. 28. Since the lower 
side of the board, in bending, is 
stretched, the upper side being com- 
pressed, the fibers of the lower side fig. 28.-Effect of knots and their position. 

are subjected to tension and the wood of the knot, like the piece of 
crossgrained wood, offers but little resistance. Commonly the defect 
is greatly increased by a season check in the knot itself, so that the 
knot affects the strength of the board like a saw cut of equal depth. 



Fig. 26.— Specimen 
in tension test. 



^ 



Fig. 27. — Straight and cross grained wood. 
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this is said to shear out along the fiber. In the same manner, if the 
shoulder A B C I> in fig. 30, is pushed off' along B 2>, it is sheared, 
and if B D and C E are each 1 inch, the surface thus sheared off is 
1 square inch, and the weight necessary to do this represents the 
shearing strength per square inch of the particular kind of wood. This 
resistance is small when compared to that of tension and compression. 
In general wet or green wood shears about one-third more easily 
than dry wood ; a surface parallel to the rings (tangent) shears more 
easily than one parallel to the medullary rays. The lighter conifers 
and hard woods offer less resistance than the heavier kinds, but the 
best of pine shears one-third to one-half more readily than oak or 
hickory, indicating that great shearing strength is characteristic of 
'* tough'' woods. 

BeHstance to shearing along the fiber. 



(1) Locust, oak, hickory, elm, maple, ash, birch 

(2) Sycamore, longleaf, Cuban, and shortleaf pine, and tamarack 

(3) Tulip, basswood, better class of poplar, Norway, loblolly and white pine, spruce, red cedar . 

(4) Softer poplar, hemlock, white cedar, fir 



Per 

square 
inch. 



Pounds. 

>1,000 

600 

400 

^400 



•Over. 'Less than. 

Note. — Keslstance to shearing, although a most imxrartant quality in wood, has not been satisfacto- 
rily studied. The values in the above table, taken from various authors, lack a reliable experimental 
basis and can bo considered as only a little better than guesswork. 

INFLUENCE OF WEIGHT AND MOISTURE ON STRENGTH. 

It has been stated that heavy wood is stronger than lighter wood of 
the same kind, and that seasoning increases all forms of resistance. 
Let us examine why this is so. 

Since the weight of dry wood dex>ends on the number of fibers and 
the thickness of their walls, there must be more fibers per square inch 
of cross section in the heavy than in the light piece of the same kind,^ 
and it is but natural that the greater number of fibers should also offer 
greater resistance, i. e., have the greater strength. 

The beneficial influence of drying and consequent shrinking is two- 
fold: (1) In dry wood a greater number of fibers occur per square inch, 
and (2) the wood substance itself, i. e., the cell walls, become firmer. A 
piece of green longleaf pine, 1 by 1 inch and 2 inches long, is only about 
0.94 by 0.96 inch and 2 inches long when dry; its cross section is 10 per 
cent smaller than before, but it still contains the same number of fibers. 
A dry piece 1 by 1 inch, therefore, contains 10 per cent more fibers than 
a green piece of the same size, and it is but fair to suppose that its 
resistance or strength is also about 10 per cent greater. 

The influence of the second factor, though unquestionably the more 
important one, is less readily measured. In 100 cubic inches of wood 



^ This imperfect assumptiou is used only for comparison. 
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FLEXIBILITY. 

Pine is brittle, hickory is flexible; the former breaks, the latter 
*bends. Being the opposite of stifiPhess, want of stifl'ness would seem to 
indicate flexibility. This, however, is only partly true; hickory and 
ash are stiff and yet among the most flexible of woods. Their small 
dimensions caase shavings and thin strands of most woo<ls to appear 
pliable. For this reason the pliable, twisted wicker willow is not a fair 
measure of the flexibility of the wood of this species. Generally hard 
woods are more flexible than conifers, wood of the butt surpassing 
in this respect that of the main part of the stem, the latter beiug 
usually superior to that of the limbs. Moisture softens wood and 
thereby increases its flexibility. Knots and crossgrain diminish flexi- 
bility, but the irregular structure of elm, ash, etc. (particularly the 
arrangement of bodies of extremely firm fibers, like so many strands, 
amoDg the softer tissue, as well as the interlacement of fibers, due to 
XK)st-ca]iibial growth), favorably influences the flexibility of these woods. 

TOUGHNESS. 

So far the load by which the exhibition of the various kinds of 
strength in compression, tension, cross bending, etc., was produced has 
always been assumed as applied slowly and gradually. When a wagon 
goes lumbering along a cobble pavement the load on the spokes is not 
thus applied. Every stone deals the wheel a blow, and a mile's journey 
means many thousand blows to every wheel rim and spoke. In chop 
ping, the ax handle is jarred and a handle made of pine wood, which 
shears easily along the fiber, would soon be shattered to pieces. Loads 
thus applied are "shocks," and resistance to this form of loading 
requires a combination of various kinds of strength possessed only by 
"tough" woods. Toughness is a familiar word to woodworkers, and 
yet is rarely defined. Tough wood must be both strong and pliable. 
Thus a willow is not tough when dry; it is weak and brittle, and re 
quires, notwithstanding its small lateral dimensions, to be moistened 
and twisted or sheared into still smaller strands so that its fibers aro«ub 
jected almost exclusively to tension, if great deflection and great 
strength are to be combined (handles of wicker baskets). Ilickory is 
both strong and pliable; in the dimensions of a willow twig it can be 
used almost like a rope. The term "tough," therefore, is properly 
applied to woods like hickory and elm and improperly to willow. 

Judging from the behavior of elm and hickory, wood may be pro- 
nounced "tough" if it offers great resistance to — 

(1) Longitudinal shearing over 1,000 pounds per square inch, 

(2) Tension over 16,000 pounds per square inch, 

and permits, when tested dry, of an aggregate distortion in compres- 
sion and tension amounting to not less than 3 per cent, 

3621— No. 10 4 
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For instance, of a piece of dry hickory {H. alba) we may expeict — 

Strength in shearing pounds.. 1, 200 

Strength in tension do 25, 000 

Distortion in tension per cent. . 2. 03 

Distortion in compression do.... 1.55 

Total distortion do 3. 5S 

PRACTICAL CONCLUSIONS. 

From the foregoing considerations a few valuable facts, mostly famil- 
iar to the tliouf^htfnl woodworker, may be deduced : 

In framing, where light and stiff timber is wanted, the conifers 
excel ; where heavy but steady loads are to be supported, the heavier 
conifers, hard pine, spruce, Douglas spruce, etc., answer as well as 
hard woods, which are costlier and heavier for the same amount of still- 
ness. On the otiier hand, if small dimensions must be used, and espe- 
cially if moving loads are to be sustained, hard woods are safest, and 
in all cases where the load is applied in form of << shocks'' or jars, only 
the tougher hard woods should be employed. The heavier wood sur- 
passes the lighter of the same species in all kinds of strength, so that 
the weight of dry wood and the structural features indicative of weight 
may be used as safe signs iji selecting timber for strength. 

In shaping wood it is better, though more wasteful, to split than to 
saw, because it insures straight grain and enables a more perfect sea- 
soning. 

For sawed stock the method of "rift" or "quarter" sawing, which has 
so rapidly gained favor during the last decade, deserves every encour- 
agement. It permits of better selection and of more advantageous 
disposition of the wood ; rift-sawed lumber is stronger, wears better, 
seasons well, and is least subject to "working" or warping. 

All hardwood material which checks or warps badly daring seasoning 
should be reduced to the smallest practicable size before drying, to 
avoid the injuries involved in this process; and wood once seasoned 
should never again be exposed to the weather, since all injuries due to 
seasoning are thereby aggravated. Seasoning increases the strength 
of wood in every respect, and it is therefore of great importance to pro- 
tect wooden structures, beariug heavy weights, against moisture. 

Knots, like crossgrain and other defects, reduce the strength of 
timber. Where choice exists, the knotty side of the joist should be 
placed uppermost, i. e., should be used in compression. 

Season checks in timber are always a source of weakness; they are 
more injurious on the vertical than on the horizontal faces of a stringer 
or joist, and their effect continues even when they have closed up, as 
many do, and are no longer visible. 

Rafted timber , kiln dried or steamed lumber are, as far as our present 
knowledge extends, as strong as other kinds, and wherever any of these 
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processes aids in a more uniform or perfect seasoning, it increases the 
strength of the material. 
Pine ^^bled^for turpentine is as strong as "unbled." 
Time of felling^ whether season of the year or phase of the moon, does 
not influence strength, except that summer-felled hard wood rarely sea- 
sons as perfectly as that felled in the fall, and to this extent an indirect 
influence may be observed, as well as by the fact that fungi and insects 
have a better opportunity for developing. 

Warm countries and sunny exposures generally produce heavier and 
stronger timber, and conditions favorable to the growth of the species 
also improve its quality. But exceptions occur; neither fast nor slow 
growth is an infallible sign of strong wood, and it is the character of 
the annual ring, rather than its width, and particularly the proportion 
of summer wood, which determines the quality of the material. 

VI.— CHBBaCAL FROPERTIBS OF 'WOOD. 

Wood dried at 300o F. is composed of over 99 per cent of organic and 
less ttMi 1 per cent of inorganic matter; the latter remains as ashes 
when wood iik burned. 

Wood consists «C a skeleton of cellulose, permeated by a mixture of 
other organic substaa^a^, collectively designated by the name of lignin, 
and particles of mineral matter or ashes. 

Cellulose is the common sub^ance of which plant cells form their 
cases or walls; in flax, the entire fiber is almost pure cellulose, but the 
amount of cellulose obtained firom wood, by the common processes, 
rarely exceeds one-half of its dry weights Cellulose is identical in 
composition with starch, but unlike the latter it resists alcoholic fer- 
mentation, though the plants themselves, as well as decay-producing 
fungi, are able to reconvert it into starch, from which it seems origi- 
nally derived, and also to change it into various forms of sugar.^ Lig- 
nin is as yet a chemical puzzle. The substances forming it are carbo- 
hydrates like cellulose itself, but of slightly different proportions and 
distinguished by greater solubility in acids, and by other chemical 
properties. 

In 100 pounds of wood (dried at 300° F.) and of cellulose the follow- 
ing proportions are found : 



Pounds. 

Gkrbon 49 44.4 

Hydrogen 6 6.1 

Oxygen 44 40.3 




/ 
Cellulose. 



' Chemists have succeeded in producing reconversion into grape sugar, and though 
the methods thus far employed are expensive, it is to be expected that in the near 
future wood wiU become the principal source of both vinegar and alcohol. 
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This composition of wood is fairly aniform for different species. 

At ordinary temperatures wood is a very stable compound; both in 
air and under water it remains the same for centuries, and only when 
living organisms attack it with their strong solvents and convertants do 
change and decay set in. 

Heated to 300^ F. wood gives off only water, though some slight 
chemical changes are noticeable even at this temperature. If the heat 
is increased, gases of pungent odor and taste are evolved, and if the 
temperature is sufficiently raised, the gases are ignited, forming the 
flame of the Are, while the remaining solid })art glows like an ignited 
charcx)al, giving much heat, but no flame. The amount of heat pro* 
duced by wood varies. If first dried at 300o F., 100 pounds of p(^lar 
wood should give as much heat as 100 pounds of hickory. In the 
natural state, however, this is not the case. 

The beneficial efl'ect of thorough seasoning for firewood appears from 
the following consideration : 

One hundred pounds of wood as sold in the wood yards contains in 
round numbers 25 pounds of water, 74 pounds of wood, and 1 pound 
of ashes. 

The 74 pounds of wood are composed of 37 pounds of carbon, 4.4 
pounds of hydrogen, and 32 pounds of oxygen. 

In burning (which is a process of oxidation) 4 pounds of hydrogen 
are already combined with 32 pounds of oxygen and there are only the 
37 pounds of carbon and 0.4 pounds of hydrogen available in heat pro- 
duction. Thus only about one-half the weight of the wood substance 
itself is heat producing while every pound of water combined in tlie 
wood requires about 600 units of heat to evaporate it, and thus dimin- 
ishes the value of the wood as fuel. Hence under the most favorable 
circumstances 100 pounds of green wood (50 per cent moisture) fur- 
nishes about 150,000 units ^ of heat; 100 pounds of half dry (30 per cent 
moisture) about 230,000 units; 100 pounds of air dry (20 per cent mois- 
ture) about 280,000 units; 100 hundred pounds of air dry (10 per cent 
moisture) about 320,000 units; 100 pounds of kiln-dry (2 per cent mois- 
ture) about 350,000 units. 

In the ordinary stove or other small apparatus the evil effect of 
moisture in the wood is very much increased since combustion is mate- 
rially interfered with. 

One hundred pounds of ordinary charcoal furnishes 700,000 units of 
heat but the same quantity of charcoal produced at a temperature of 
2,0000 F. furnishes nearly 800,000 units of heat. 

Conifers and the lighter hard woods produce more flame, while the 
heavy hard woods furnish a good bed of live coal and exceed the former 
by 25 to 30 per cent in production of heat with ordinary appliances. 

^ A unit of heat in this case is the amount of heat which raises the temperature 
of 1 pound of water hy 1.8^ F. or 1° C. 
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Heated in a closed chamber or covered with earth, as in charcoal 
pits, the wood is prevented from burning and a variety of changes 
occur, depending on the rate of heating. If the temperature is raised 
gradually so that the wood is heated several hours before a temperature 
of 600O F. is reached the process is called dry distillation. In this proc- 
ess the wood is destroyed. It forms at first "red" or "brown" coal, 
still resembling wood, and finally charcoal proper. This coal is darker, 
heavier, conducts heat an<l electricity better, requires a greater heat to 
ignite, and produces more heat in burning the higher the temperature 
under which it is formed. 

One hundred pounds of wood (dried at 300° F.) leaves only about 30 
pounds of charcoal. In common practice much less charcoal (18 to 20 
per cent) is produced. In this change from wood to coal the volume is 
diminished by about one-half, so that a cord of wood which contains 
about 100 cubic feet of wood solid would be converted into 50 cubic 
feet at best. 

Of the 70 pounds of gaseous products which 100 pounds of wood 
lose, during coaling, in being heated up to 700^ F., about 63 pounds 
become volatile before the temperature of 550° F. is reached. 

If condensed in a cooler, about three-fourths of the 63 pounds of 
volatile matter first evolved is found to be wood-vinegar, from which 
about 4 pounds of pure acetic acid, the only source of perfectly pure 
vinegar, is obtained. Besides acetic acid, the liquid contains wood 
spirits and a quantity of various allied substances. 

After the first stage of dry distillation, a largo part of the products 
developed can not be liquefied in the ordinary cooler. They are gases 
like the illuminating gas, mostly belonging to the marsh gas series; 
they lack oxygon and thus show that the available oxygen has been 
nearly exhausted in the preceding part of the process. Products of 
the later stages are tars and heavy oils, volatile only at high tem- 
I)eratures. Here also belong the substances known collectively as wood 
creosote, employed as antiseptics in wood impregnation. 

Warmed in dilute nitric acid with a little chlorate of potash, the cells 
of a piece of wood may be separated, each cell remains intact, but its 
wall is reduced in thickness and material; thelignin substances being 
dissolved oat, only the cellulose is left. In commercial cellulose manu- 
faeture, soda, sulphates, and of late chiefly sulphites are substituted 
for the nitric acid. The wood is chipped, boiled in the respective solu- 
tion under high pressures, the residue is washed, and the remaining 
cellulose bleached and ready for use. As a matter of economy the 
residual liquid is evaporated and the soda used over again. 

When resinous wood, " fat pine," " lightwood," such as the knots 
and stumps of longleaf, pitch, and other pines, is heated in a kiln or 
retort, the resins ooze out, are collected, and in distillation with steam 
yield turpentine and rosin. The resins and their components vary with 
the species; the balsam of fir is limpid, its turpentine remains clear on 



54 TIlfBEB. 

exposure; the resin of pines i& very viscid, their tarpen tines readily 
oxidize and darken when brought in contact with air. Besius are 
gathered more commonly either from cracks, such as '^ wind'' and <^ring 
shakes," as in the case of larch and fir (Venetian turpentine), or else 
from wounds made especially for this purpose, as in the case of naval 
stores gathered from pines. This latter process is known as << bleed- 
ing," ^Happing," or "orcharding," and is at present the principal 
method of obtaining turpentines and rosins. 

On burning resinous wood, wood tar, etc., in a smoldering fire, soot 
is deposited on the walls and partitions of the specially constructed 
soot pit. It is then collected, but must be freed of various products of 
dry distillation, by carefully heating to red heat before it becomes the 
lampblack used in printers' ink and otherwise much employed in the 
arts. 

Many kinds of wood and the bark of most trees contain tannin. To 
serve in tanning the bark must contain at least 3 per cent of tannin; 
the kinds mostly used vary from 5 to 15 per cent, and even the best 
probably never furnish over 20 per cent in the average. The use of 
tan bark involves considerable disadvantages. It is difficult to dry and 
preserve, very liable to mold, bulky, and therefore expensive to ship 
and store, and very variable in the amount of tannin which it contains. 

To avoid these difficulties the tannic compounds are, in recent times, 
leached out of the finely ground bark and wood, condensed by evapo- 
ration, and shipped as extracts containing 80 to 90 per cent of tannin. 

The manufacture of pulp as well as the production of fiber capable 
of being spun and woven, are also technological uses of wood, which 
rely partly upon chemical reactions. 

Vn.— DURABILITY AND DECA7. 

All wood is equally durable under certain conditions. Kept dry or 
submerged, it lasts indefinitely. Pieces of pine have been unearthed 
in Illinois which have lain buried 60 or more feet deep for many cen- 
turies. Deposits of sound logs of oak, buried for unknown ages, have 
been unearthed in Bavaria; ])arts of the piles of the lake dwellers, 
driven more than two thousand years ago, are still intact. 

On the radial section of a piece of pine timber, with one of the 
shelf-like, fungus growths, as shown in fig. 34, both bark and wood 
are seen to be affected. A small particle of the half-decayed wood pre- 
sents pictures like that of fig. 35. Slender, branching threads are 
seen to attach themselves closely to the walls of the cells, and to pierce 
these in all directions; Thus these little threads of fungus mycelium 
soon form a perfect network in the wood, and as they increase in num- 
ber they dissolve the walls, and convert the wood substance and cell 
contents into sugar like food for their own consumption. In some cases 
it is the woody cell wall alone that is attacked. In other cases they 
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Perfect seasoning, preferably kiln-drying, before using, and protec- 
tion against the entrance of moisture by tar, paints, and other covers, 
when put in place, prolong the life of wooden structures. Where such 
a covering is too expensive, good ventilation at least is necessary. 
Contact surfaces, where timber rests on timber or brick, should in all 
cases be especially protected. 

Different species differ in their resistance to decay. Cedar is more 
durable than pine and oak better than beech, but in most cases the con- 
ditions of warmth and moisture in particular locations have so much 
to do with durability that often an oak post outlasts one of cedar, even 
in the same line of fence, and predictions of durability become mere 
guesswork. 

Containing more ready-made food, and in forms acceptable to a great 
number of different kinds of fungi, the sapwood is more subject to 
decay than the heartwood, doubly so where the latter is protected by 
resinous substances, as in pine and cedar. Several months of immer- 
sion improves the durability of sapwood, but only impregnation with 
preservative salts seems to render it perfectly secure. Once attacked 
by fungi, wood becomes predisi)osed to further decay. 

Wood cut in the fall is more durable than that cut in summer, only 
because the low temperature of the winter season prevents the attack 
of the fungi, and the wood is thus given a fair chance to dry. Usually 
summer-felled wood, on account of prevalent high temperature and 
exposure to sun, checks more than winter-felled wood, and since all 
season checks favor the entrance of both moisture and fungus, they 
facilitate destruction. Where summer-felled wood is worked up at 
once and protected by kiln-drying no difference exists. The phases of 
the moon have no influence whatever on durability. 

In sawing timber much of the wood is bastard cut; at these places 
water enters much more readily, and for this reason split and 
hewn timber and ties generally resist decay perhaps better than if 
sawed. 

The attacks of beetles, as well as those of the shipworm, can not here 
be considered; like chisel or saw they are mechanical injuries against 
which none of our woods are proof. 

Range of durdbility in railroad ties, 

"^ears. Years. 



White oak and chestnut oak 8 

Chestnut 8 

Black locust 10 

Cherry, black walnut, locust 7 

Elm 6to7 

Red and black oaks 4 to 5 

Ash, beech, maple 4 



Redwood 12 

Cypress and red cedar 10 

Tamarack 7 to 8 

Longleaf pine 6 

Hemlock 4 to 6 

Spruce 5 



The durability of wood, exposed to the changes of the weather, and 
where painting, after thorough seasoning, is impracticable, is increased 
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by impregnating it with various salts or other chemicals, which prevent 
the fungus from feeding on the wood. The wood is first steamed, to 
open the pores and remove the hardened surface coating of sap aud 
dirt, and a liquid solution of the preservative material is then injected 
with the assistance of heat and pressure. 

The most efficient fluids used on a large scale are bichloride of zinc 
and creosote, or both combined. The " life" of railroad ties is thereby 
increased to twice and three times its natural duration. 



HOW TO DISTINGUISH THE DIFFERENT KINDS OF WOOD. 

By B. E. Pernow and Filibkrt Roth. 

The carpenter or other artisan who handles different woods becomes 
familiar with those he employs frequently, and learns to distinguish 
them through this familiarity, without usually being able to state the 
X)oints of distinction. If a wood comes before him with which he is 
not familiar, he has, of course, no means of determining what it is, 
and it is possible to select pieces even of those with which he is well 
acquainted, different in appearance from the general run, that will make 
him doubtful as to their identification. Furthermore, he may distin- 
guish between hard and soft pines, between oak and ash, or between 
maple and birch, which are characteristically different; but when it 
comes to distinguishing between the several species of pine or oak or 
ash or birch, the absence of readily recognizable characters is such that 
but few practitioners can be relied ui)on to do it. Hence, in the market 
we find many species mixed and sold Indiscriminately. 

To identify the different woods it is necessary to have a knowledge 
of the definite, invariable differences in their structure, besides that of 
the often variable differences in their appearance. These structural 
differences may either be readily visible to the naked eye or with a 
magnifier, or they may require a microscopical examination. In some 
cases such an examination can not be dispensed with, if we would make 
absolutely sure. There are instances, as in the pines, where even our 
knowledge of the minute anatomical structure is not yet sufficient to 
make a sure identification. 

In the following key an attempt has been made — ^the first, so far as we 
know, in English literature — to give a synoptical view of the distinctive 
features of the commoner woods of the United States, which are found 
in the markets or are used in the arts. It will be observed that the 
distinction has been carried in most instances no further than to genera 
or classes of woods, since the distinction of species can hardly be accom- 
plished without elaborate microscopic study, and also that, as far as 
possible, reliance has been placed only on such characteristics as can 
be distinguished with the naked eye or a simple magnifying glass, in 
order to make the key useful to the largest number. Eecourse has 
also been taken for the same reason to the less reliable and more varia< 
ble general external appearance, color, taste, smell, weight, etc. 

The user of the key must, however, realize that external appearance, 
such, for example, as color, is not only very variable but also very dif- 
ficult to describe, individual observers differing especially in seeing and 
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broad-leaved woods. In coniferous woods they are nsaally so fine and 
closely packed that to the casual observer they do not appear. Their 
breadth and their great ct or less distinctness are used as distingaishin^ 
marks, being styled iine, broad, distinct, very distinct, conspicuous, and 
indistinct when no longer visible by the naked (strong) eye. 

(7) Concentric lines, appearing in the summer wood of certain species 
more or less distinct, resembling distantly the lines of pores but much 
finer and not consisting of pores. (8«e tig. 38.) 

Of microscopic features, the following only have been referred to: 

(8) Traclieids, a description of which is to be fboud on page 20. 

(9) Pits, simple and bordered, especially the number •£ simple pits 
in the cells of the pith rays, which lead into each of the a^ioiBiug 
tracheids. 

For standards of weight, consult table on page 28; for standards of 
hardness, table on page 47. 

Unless otherwise stated the color refers always to the fresh cross sec- 
tion of a piece of dry wood; sometimes distinct kinds of color, some- 
times only shades, and often only general color effects appear. 

HOW TO USB THE KEY. 

Nobody need expect to be able to use successfully any key for the dis- 
tinction of woods or of any other class of natural objects without some 
practice. This is especially true with regard to woods, which are apt to 
vary much, and when the key is based on such meager general data as the 
present. The best course to adopt is to supply one's self with a small 
sample collection of woods, accurately named. Small, polished tablets 
are of little use for this purpose. The pieces should be large enough, 
if possible, to include pith and bark, and of sufficient width to permit 
ready inspection of the cross section. By examining these with the 
aid of the key, beginning with the better-known woods, one will soon 
learn to see the features described and to form an idea of the relative 
standards which the maker of the key had in mind. To aid in this, 
the accompanying illustrations will be of iuivantage. When the reader 
becomes familiar with the key, the work of identifying any given piece 
will be comparatively easy. The material to be examined must, of 
course, be suitably prepared. It should be moistened; all cuts should 
be made with a very sharp knife or razor and be clean and smooth, for 
a bruised surface reveals but little structure. The most useful cut may 
be made along one of the edges. Instructive, thin, small sections may 
be made with a sharp penknife or razor, and when placed on a piece of 
thin glass, moistened and covered with another piece of glass, they 
may be examined by holding them toward the light. 

Finding, on examination with the magnifier, that it contains pores, 
we know it is not coniferous or nonporous. Finding no pores col- 
lected in the spring-wood portion of the annual ring, but all scat- 
tered (difl'used) through the ring, we turn at once to the class of "Dif- 
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fuse-porous woods." We now note the size and manner in which the 
pores are distributed through the ring. Finding them very small and 
neither conspicuously grouped, nor larger nor more abundant in the 
spring wood, we turn to the third group of this class. We now note 
the pith rays, and finding them neither broad nor conspicuous, but dif- 
ficult to distinguish, even with the magnifier, we at once exclude the 
wood from the first two sections of this group and place it in the third, 
which is represented by only one kind, cotton wood. Finding the wood 
very soft, white, and on the longitudinal sectiju with a silky luster, we 
are further assured that our determination is correct. We may now 
turn to the list of woods and obtain further information regarding the 
occurrence, qualities, and uses of the wood. 

Sometimes our progress is not so easy j we may waver in what group 
or section to place the wood before us. In such cases we may try each 
of the doubtful roads until we reach a point where we find ourselves 
entirely wrong and then return and take up another line; or we may 
anticipate some of the later-mentioned features and finding them apply 
to our specimen, gain additional assurance of the direction we ought 
to travel. Color will often help us to arrive at a speedy decision. In 
many cases, especially with conifers, which are rather diflicult to dis- 
tinguish, a knowledge of the locality from which the specimen comes is 
at once decisive. Thus, northern white cedar, and bald cypress, and 
the cedar of the Pacific will be identified, even without the somewhat 
indefinite criteria given in the key. 



KEY TO THE MORE IMPORTANT WOODS OF NORTH AMERICA. 

[Tbo namberd preceding names refer t^ the List of Woods following the Key.] 

I Non-porouB woods. — Pores not visible or conspicuous on cross section, even 
with magnifier. Annual rings flistinct l>y denser (dark colored) bands of snmmer 
wood (fig. 37). 

H. Ring-porous woods. — Pores numerous, usually visible on cross section with 
out magnifier. Annual rings distinct by r zone of large pores collected in the spring 
woody alternating with the denser summer wood (fig. 38). 

m. Difiuse-porous inroods. — Pores nnmerons, usually not plainly visible on cross 
section without magnifier. Annual rings distinct by a fine line of denser summer 
wood cells, often quite indistinct; pores scattered through annual ring, no zone of 
collected pores in spring wood (fig. 39). 

Note. — The above described three groups are exogenous, i. e., they grow by add- 
ing annually wood on their circumference. A fourth grou]> is formed by the endog- 
enous woods, like yuccas and palms, which do not grow by such additions. 

I....NON-POROIJ8 WOODS. 

(Includea all coniferous woods.) 

A. Resin ducts wanting.' 

1. No distinct heartwood. 

a. Color effect yellowish white; summer wood darker yellowish (under 

microscope pith ray without tracheids) (Nos. 9-13) Firs. 

h. Color effect reddish (roseate) (under microscope pith ray with tracheids), 

(Nos. II and 15) Hemlock. 

2. Heartwood present, color decidedly different in kind from sapwood. 

a. Heartwood light orange red; sapwood, pale lemon; wood, heavy and 
hard (No. 38) Yew. 



ADDITIONAL NOTES FOR DISTINCTIONS IN THE GROUP. 

Spruce is hardly distinguishable from fir, except by the existence of the resin 
ducts, and mici'oscopically by the presence of tracheids in the medullary rays. 
Spruce may also be confounded with soft pine, except for the heartwood color of the 
latter and the larger, more frequent, and more readily visible resin ducts. 

In the lumber yard, hemlock is usually recognized by color and the slivery char- 
acter of its surface. Western hemlocks partake of this last character to a less degree 

Microscopically the white pine can be distinguished by having usually only ono 
large pit, while spruce shows three to five very small pits in the parenchyma cells 
of the pith ray communicating with the tracheid. 

The distinction of the pines is possible only by microscopic examination. The 
following distinctive features may assist in recognizing, when in the log or lumbei 
pile, those usually found in the market : 

The light, straw color, combined with great lightness and softness, distinguishes 
the white pines (white pine and sugar pine) from the hard pines (all others in the 
market), which may also be recognized by the gradual change of spring wood into 
summer wood. This change in hard pines is abrupt, making the summer wood 
appear as a sharply defined and more or less broad band. 

* To discover the resin ducts a very smooth surface is necessary, since resin ducts are frequently 
seen only with difficulty, appearing on the cross section as fine whiter or darker spots normally scat* 
tered singly, rarely in groups, usually in the summer wood of the annual rin^. They are often much 
more easily seen on radial, and still more so on tangential sections, appearing there .as tine lines or 
dots of open structure of different color or as indentations or pin scratches in a lungitudinal direction. 

64 
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6. Heartwood purplish to brownish red; sapwood yellowish white; wood 
soft to medium hard light, usually with aromatic odor .(No. 6) Red cedar. 
0. Heaftwood maroon to terra cotta or deep brownish red; sapwood light 
orange to dark amber, very soft and light, no odor; pith rays very dis- 
tinct, specially pronounced on radial section (No. 7) Redwood. 

3. Heartwood present, color only different in shade from sapwood, dingy- 
yellowish brown. 

a. Odorless and tasteless (No. 8) Bald cypress. 

b. Wood with mild resinous odor, bat tasteless (Nos. 1-4) White cedar. 

c. Wood with strong resinous odor and peppery taste when freshly 
cut (No. 5) Incense cedar. 

B. Resin ducts present. 

1. No distinct heartwood ; color white, resin ducts very small, not numerous, 

(Nos. 33-36) Spruce. 

2. Distinct heartwood present. 

a. Resin ducts numerous, evenly scattered through the ring. 

a'. Transition from spring wood to summer wood gradual ; annual ring 
distinguished by a fine line of dense summer- wood cells; color, white 
to yellowish red; wood soft and light (Nos. 18-21) Soft pines. ^ 

V, Transition from spring wood to summer wood more or less abrupt; 
broad bands of dark-colored summer wood ; color from light to deep 

orange; wood medium hard and heavy (Nos. 22-32) Hard pines. ^ 

h. Resin ducts not numerous nor evenly distributed. 

a'. Color of heartwood orange- reddish, sapwood yellowish (same as hard 
pine) ; resin ducts frequently combined in groups of 8 to 30, forming 
lines on the cross section (tracheids with spirals), 

(No. 37) Douglas spruce. 

h\ Color of heartwood light russet brown; of sapwood yellowish 
browu; resin ducts very few, irregularly scattered (tracheids without 
spirals) (Nos. Ifi and 17) Tamarack. 



The Norway pine, which may be confounded with the shortleaf pine, can be dis- 
tinguished by being much lighter and softer. It may also, but more rarely, be 
confounded with heavier white pine, but for the sharper definition of the annual 
ring, weight, and hardness. 

The longleaf pine is strikingly heavy, hard, and resinous, and usually very regu- 
lar and narrow ringed, showing little sapwood, and difieriug in this respect from tbe 
shortleaf pine and loblolly pine, which usually have wider rings and more sapwood, 
the latter excelling in that respect. 

The following convenient and useful classification of pines into four groups, pro- 
posed by Dr. H. Mayr, is based on the appearance of the pith ray as seen in a radial 
section of the spring wood of any ring : 
Section I. Walls of the tracheids of the pith ray with dentate projections. 

a. One to two large, simple pits to each tracheid on the radial walls of the cells 

of the pith ray. — Group 1. Represented in this country only by/*, resinoaa. 
h. Three to six simple pits to each tracheid, on the walls of the cells of the 
pith ray. — Group 2. P. toeda, palustriSf etc., including most of our "hard" 
and '* yellow" pines. 
Section II. Walls of tracheids of pith ray smooth, without dentate projections, 
a. One or two large pits to each tracheid on the radial walls of each cell of the 

pith ray. — Group 3. P. 8trohus, lambertiana, and other true white pines. 
h. Three to six small pits on the radial walls of each cell of the pith ray. 
Group 4. P. parryanay and other nut pines, including also P. balfauriana. 



I Soft and hard pines are arbitrary distinctions and the two not distinguishable at the limit. 
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III.— DIFFIJ8K-POBOV8 WOODS. 

[A few indistinctly ring-poroas woods of Group II, D, and cedar elm may seem to belong bere.] 

A. Pores varying in size from large to minute; largest in spring wood, thereby 
giving sometimes the appearance of a ring-porous arrangement. 

1. Heavy and hard; color of heartwood (especially on longitudinal section) 
chocolate brown (No. 116) Black walnut. 

2. Light and soft; color of heartwood light reddish brown. (No. 55) Butternut. 

B. Pores all minute and indistinct; most numerous in spring wood, giving rise to a 
lighter colored zone or line (especially on longitudinal section), thereby appear- 
ing sometimes ring porous; wood hard, heartwood vinous reddish; pith rays very 
fine, but very distinct. (See also the sometimes indistinct ring-porons cedar elm, 
and occasionally winged elm, which are readily distinguished by the concentric 
wavy lines of pores in the summer wood) (No. 57) Cherry. 

C. Pores minute or indistinct, neither conspicuously larger nor more numerous in 
the spring wood and evenly distributed. 

1. Broad pith rays present. 

a. All or most pith rays broad, numerous, and crowded, especially on tan- 
gential sections, medium heavy and hard, difficult to split, 

(Nos. 112 and 113) Sycamore. 
h. Only part of the pith rays broad. 

a'. Broad pith rays well defined, quite numerous; wood reddish- white 

to reddish 1 (No. 47) Beech. 

b'. Broad pith rays not sharply defined, made up of many small rays, 
not numerous. Stem furrowed, and therefore the periphery of sec- 
tion, and with it the annual rings sinuous, bending in and out, and 
the large pith rays generally limited to the furrows or concave por- 
tions. Wood white, not reddish ^ (No. 52) Blue beech. 

2. No broad pith rays present. 

a. Pith rays small to very small, but quite distinct. 

a'. Wood hard. 

a". Color reddish white, with dark reddish tinge in outer summer 

wood (Nos. 79-82) Maple. 

h". Color white, without reddish tinge (No. 76) Holly. 

h'. Wood soft to very soft. 

a". Pores crowded, occupying nearly all the space between pith rays. 
a'". Color yellowish white, often a with greenish tinge in heart- 
wood (No. 115) Tulip poplar, 

(No. 116) Cucumber tree, 
h". Color of sapwood grayish, of heartwood light to dark red- 
dish brown (No. 69) Sweet GUM. 

h". Pores not crowded, occupying not over one-third the space 
between pith rays ; heartwood brownish w bite to very light brown, 

(Nos. 45 and 46) Basswood. 

b. Pith rays scarcely distinct, yet if viewed with ordinary magnifier, plainly 
visible. 

a'. Pores indistinct to the naked eye. 

a". Color uniform pale yellow; pith rays not conspicuous even on 

the radial section (Nos. 53 and 54) Buckeye. 

b". Sapwood yellowish gray, heartwood grayish brown; pith rays 

conspicuous on the radial section (Nos. 67-68) Sour gum. 

b'. Pores scarcely distinct,but mostly visible as grayish specks on the cross 
Hection; sapwood whitish, heartwood reddish (Nos. 48-51) Birch. 

D. Pith ray** not visible or else indistinct, even if viewed with magnifier. 

1. Wood very soft, white, or in shades of brown, usually with a silky luster, 

(Nos. 106-110) Cottonwood (poplar.) 
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LIST OF THE MORE IMPORTANT WOODS OF THE UNITED 

STATES. 

[Arranged alphabetically.] 

A.— CONIFEBOVS WOODS. 

Woods of simple and uniform structure, generally light, soft but stiff; abundant 
in suitable dimensions and forming by far the greatest part of all the lumber used 
CEDAR. — Light, soft, stiff, not strong, of fine texture ; sap and heartwood distinct^ 
the former lighter, the latter a dull, grayish brown, or red. The wood seasons 
rapidly, shrinks and checks but little, and is very durable. Used like soft pine, 
but owing to its great durability preferred for shingles, etc. Small sizes used for 
posts, ties, etc' Cedars usually occur scattered, but they form, in certain local- 
ities, forests of considerable extent. 

a. White cedars. — Heartwood a light grayish brown. 

1. White cedar (J^m^^a occidefiialis) (Arborvitae): Scattered along streams and 
lakes, frequently covering extensive swamps ; rarely large enough for lumber, 
but commonly used for posts, ties, otc. Maine to Minnesota and northward. 

2. Canoe cedar ( Thuya gigantea){Ted cedar of the West) : In Oregon and Washing- 
ton a very large tree, covering extensive swamps; in the mountains much 
smaller, skirting the water courses; an important lumber tree. Washington 
to northern California and eastward to Montana. 

3. White C¥.DAn(ChamcBcypari8 thyoides): Medium-sized tree, wood very light and 
soft. Along the coast from Maine to Mississippi. 

4. White cedar (Chamo'cyparis law8oniana) (Port Orford cedar, Oregon cedar, 
Lawson's cypress, ginger pine): A very large tree, extensively cut for lumber; 
heavier and stronger than the preceding. Along the coast line of Oregon. 

5. White cedar (Libocedi'us decurrens) (incense cedar): A large tree, abundantly 
scattered among pine and fir; wood fine grained. Cascades and Sierra Nevada 
of Oregon and California. 

b. Red cedars. — Heartwood red. 

6. Red cedar (Juniperus virginiana) (Savin juniper): Similar to white cedar, but 
(»f somewhat finer texture. Used in cabinetwork in cooperage, for veneers, and 
especially for lead pencils, for which purpose alone several million feet are 
cut each year. A small to medium sized tree scattered through the forests, 
or, in the West, sparsely covering extensive areas (cedar brakes). The red 
cedar is the most widely distributed conifer of the United States, occurring 
from the Atlantic to the Pacific and from Florida to Minnesota, but attains 
a suitable size for lumber only in the Southern, and more especially the Gulf, 
States. 

7. Redwood (Sequoia sempervirens) : Wood in its quality and uses like white cedar; 
the narrow sapwood whitish ; the heartwood light red, soon turning to brownish 
red when exposed. A very large tree, limited to the coast ranges of California, 
aud forming considerable forests, which are rapidly being converted into lumber. 

CTPRESS. 

8. Cypress (Taaodium distichum) (bald cypress; blacky white, and red cypress): 
Wood in appearance, quality, and uses similar to white cedar. ''Blaok 

* Since almost all kinds of woods are used for fuel and charcoal, and in the constmction of fenoM, 
■beds, bams, etc., the enumeration of these uses has been omitted in this list. 
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cypress" and ''white cypress'' are heavy and light forms of the same species. 
The cypress is a large deciduous tree^ occupying much of the swamp and over- 
flow land along the coast and rivers of the Southern States. 
. — This name is frequently applied to wood and to trees which are not fir; most 
commonly to spruce, hut also, especially in English markets, to pine. It resem- 
bles spruce, but is easily distinguished from it, as well as from pine and larch, by 
the absence of resin ducts. Quality, uses, and habits similar to spruce. 
9. Balsam fa (Abies baUamea): A medium-sized tree scattered throughout the 
northern pineries; cut, in lumber operations whenever of sufficient size, and 
sold with pine or spruce. Minnesota to Maine and northward. 

10. White fir (Abies grandis and Abies concolor) : Medium to very large sized tree, 
forming an important part of most of the Western mountain forests, and fur- 
nishing much of the lumber of the respective regions. The former occurs from 
Vancouver to central California and eastward to Montana; the latter from 
Oregon to Arizona and eastward to Colorado and New Mexico. 

11. White fir (Abies amabilis) : Good- sized tree, often forming extensive mountain 
forests. Cascade Mountains of W.ishington and Oregon. 

12. Red fir (Abies nobiiis) {BOt to be confounded witli Douglas fir; see No. 37): 
Large to very large tree, forming with A. amabilis extensive forests on the 
slope of the mountains between 3,000 and 4,000 feet elevation. Cascade Moun- 
tains of Oregon. 

13. Red fir (Abies magnifica): Very large tree, forming forests about the base of 
Mount Shasta. Sierra Nevada of California, from Mount Shasta southward. 

H£MI«OCK. — Light to medium weight, soft,'stifi' but brittle, commonly crossgrained, 
rough and splintery ; sapwood and heartwood not well dcfiued ; the wood of a light, 
reddish-gray color, free from resin ducts, moderately durable, shrinks and warps 
considerably, wears rough, retains nails firmly. Used principally for dimension 
stuff and timbers. Hemlocks are medium to large sized trees, commonly scattered 
among broad-leaved trees and conifers, but often forming forests of almost pure 
growth. 

14. Hemlock ( Tsuga canadensis) : Medium-sized tree, furnishes almost all the 
hemlock of the Eastern market. Maine to Wisconsin; also following the Alle- 
ghanies southward to Georgia and Alabama. 

15. Hemlock (Tsuga meriensiana) : Large-sized tree, wood claimed to be heavier 
and harder than the Eastern form and of superior quality. Washington to 
California and eastward to Montana. 

LARCH OR TAMARACK. — Wood like the best of hard pine, both in appearance, 
quality, and uses, and owing to its great durability, somewhat preferred in ship- 
building, for telegraph poles, and railroad ties. In its structure it resembles 
spruce. The larches are deciduous trees, occasionally covering considerable areas, 
but usually scattered among other conifers. 

16. Tamarack (Larix americana) (Hackmatack): Medium-sized tree, often cov- 
ering swamps, in which ease it is smaller and of poor quality. Maine to Minne- 
sota, and southward to Pennsylvania. 

17. Tamarack (L, occidentalis) : Large-sized trees, scattered, locally abundant. 
Washington and Oregon to Montana. 

PINE. — Very variable, very light and soft in "soft" pine, such as white pine; of 
medium weight to heavy and quite hard in ''hard^' pine, of which longleaf or 
Georgia pine is the extreme form. Usually it is stiff, quite strong, of even texture, 
and more or less resinous. The sapwood is yellowish white ; the heartwood, orange 
brown. Pine shrinks moderately, seasons rapidly and without much injury; it 
works easily; is never too hard to nail (unlike oak or hickory) ; it is mostly quite 
durable, and if well seasoned is not subject to the attacks of boring insects. The 
heavier the wood, the darker, stronger, and harder it is, and the more it shrinks 
and checks. Pine is used more extensively than any other kind of wood. It is 
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the principal wood in common carpentry, as well as in all heavy constmotion, 

bridges, trestles, etc. It is also used in almost every other wood industry, for 

spars, masts, planks, and timbers in shipbuildinfiic, in car and wagon construction, 

in cooperage, for orates and boxes, in furniture work, for toys and patterns, rail> 

way ties, water pipes, excelsior, etc. Pines are usually large trees with few 

branches, the straight, cylindrical, useful stem forming by far the greatest part 

of the tree; they occur gregariously, forming vast forests, a faot which greatly 

facilitates their exploitation. Of the many sjiecial terms applied to pine as 

lumber, denoting sometimes differences in quality, the following deserve attentiqu : 

''White pine,'' ''pumpkin pine," "soft pine," in the Eastern markets refer to 

the wood of the white pine (Pinus strohus), and on the Pacific Coast to that 

of the sugar pine {Pinus lamheriiana). 

"Yellow pine'' is applied in the trade to all the Southern lumber pines; in the 

Northeast it is also applied to the pitch pine (P. rigida) ; in the West it refers 

mostly to bull pine ( P. ponderoaa). 

"Yellow longleaf pine," "Georgia pine," chiefly used in advertisement, refers 

to longleaf pine (P. palustrU). 
" Hard pine" is a common term in carpentry, and applies to everything except 

white pine. 
'* Pitch pine" includes all Southern pines and also the true pitch pine (P. rigida), 
but is mostly applied, especially in foreign markets, to the wood of the long- 
leaf pine (P. paluatris). 
For the great variety of confusing local names applied to the Southern pines in 
their homes, part of which have, been adopted in the markets of the Atlantic sea- 
board, see report of Chief of Division of Forestry for 1891, page 212, etc., and also 
the list below : 

a. Soft pines. 

18. White pinr (Pinus strohus): Large to very large sized tree; for the last fifty 
years the most important timber tree of the Union, furnishing the best quality 
of soft pine. Minnesota, Wisconsin, Michigan, New England, along the Alle- 
ghauies to Georgia. 

19. Sugar pine (Pinua lamhertiana) : A very large tree, together with Abies con- 
color J forming extensive forests; important lumber tree. Oregon and California. 

20. White pine {Pinus moniicola) : A large tree, at home in Montana, Idaho, and 
the Pacific States; most common and locally used in northern Idaho. 

21. White pink {Pinus fiexilis) : A small tree, forming mountain forests of consid- 
erable extent and locally used; Eastern Kocky Mountain slopes; Montana to 
New Mexico. 

h. Hard pines. 

22. Longleaf pine {Pinus palustris) (Georgia pine, yellow pine, long straw pine, 
etc.) : Large tree; forms extensive forests and furnishes the hardest and strong- 
est pine lumber in the market. Coast region from North Carolina to Texas. 

23. BUTX pine (Pint** ponderosa) (yellow pine) : Medium to very large sized tree, 
forming extensive forests in Pacific and Rocky Mountain regions; furnishes 
most of the hard pine of the West ; sap wood wide ; wood very variable. 

24. Loblolly pine {Pinus tueda) (slash pine, old field pine, rosemary pine, sap 
pine, short straw pine, etc.): Large-sized tree, forms extensive forests; wider- 
ringed, coarser, lighter, softer, with more sapwood than the longleaf pine, but 
the two often confounded. This is the common lumber pine from Virginia to 
South Carolina, and is found extensively in Arkansas and Texas. Sonthem 
States ; Virginia to Texas and Arkansas. 

?5. Norway pine { Pinus resinosa) : Large-sized tree, never forming forests, usnnlly 
scattered or in small groves, together with white pine ; largely sapwood and hence 
not durable. Minnesota to Michigan ; also in New England to Pennsylvania. 
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26. Shortleaf pike (Pinus echinata) (slash pine, Carolina pine, yellow pine, old 
field piue, etc.): Resembles loblolly pin«»; often approaches in its wood the Nor- 
way pine. The common lumber pine of Missouri and Arkansas. North Carolina 
to Texas and Missouri. 

27. Cuban pine { Pinus cubensis) (slash pine, swamp pine, bastard pine, meadow 
pine): Resembles lonj^leaf pine, but commonly has wider sapwood and coarser 
grain ; does not enter the markets to any great extent. Along the coast from 
South Carolina to Louisiana. 

28. Bull pine (Pinus jeffreyi) (black pine): Large-sized tree, wood resembling 
bull pine (P. ponderosa); used locally in California, replacing P. ponderoaa at 
high altitudes. 

The following are small to medium sized pines, not commonly offered as lumber 
in the market; used locally for timber, ties, etc. : 

29. Black pine (Pinu8 murrayana) (lodge-pole pine, tamarack) : Rocky Mountains 
and Pacific regions. 

30. Pitch pine (Pinus rigida): Along the coast from New York to Georgia and 
along the mountains to Kentucky . 

31. Jersey pine (Pinus inops) (scrub pine): As before. 

32. Gray pine (Pinus banksiana) (scrub pine): Maine, Vermont, and Michigan to 
Minnesota. 

RBD'WOOD. (See Cedar.) 

SPRIJCZi. — Resembles soft pine, is light, very soft, stiff, moderately strong, lessresin- 
ons than pine; has no distinct heartwood, and is of whitish color. Used like soft 
pine, but also employed as resonance wood and preferred for paper pulp. Spruces, 
like pines, form extensive forests; they are more frugal, thrive on thinner soils, 
and bear more shade, but usually require a more humid climate. ** Black " and 
'* white spruce, " as applied by lumbermen, usually refer to narrow and wide 
ringed forms of the black spruce (Picea nigra). 

33. Black spruce (Picea nigra): Medium-sized tree, forms extensive forests in 
northeastern United States and in British America; occurs scattered or in 
groves, especially in low lands throughout the Northern pineries. Important 
lumber tree in Eastern United States. Maine to Minnesota, British America, 
and on the AUeghanies to North Carolina. 

34. White spruce (Picea alba): Generally associated with the preceding; most 
abundant along streams and lakes, grows largest' in Montana and forms the 
most important tree of the subarctic forest of British America. Northern 
United States, from Maine to Minnesota, also from Montana to Pacific, British 
America. 

35. White spruce (Picea engelmanni) : Medium to large sized tree, forming exten- 
sive forests at elevations from 5,(X)0 to 10,0(X) feet above sea level; resembles 
the preceding, but occupies a different station. A very important timber tree in 
the central and southern parts of the Rocky Mountains. Rocky Mountains from 
Mexico to Montana. 

36. Tide-land spruce (Picea sitchensis) : A large-sized tree, forming an extensive 
coast-belt forest. Along the seacoast from Alaska to Central California. 

HASTARD SPRUCE. — Spruce or fir in name but resembling hard pine or larch in 
the appearance, quality, and uses of its wood. 

37. Douglas spruce (Pseudotsuga douglasii) (yellow fir, red fir, Oregon pine) : One 
of the most important trees of the Western United States; grows very large in 
the Pacific States, to fair size in all parts of the mountains, in Colorado up to 
about 10,(XX) feet above sea level; forms extensive forests, often of pure growth. 
Wood very variable, usually coarsegrained and heavy, with very pronounced 
summer wood, hard and strong ("red'* fir), but often fine-grained and light 
("yellow" fir). It replaces hard pine and is especially suited to heavy con- 
struction. From the plains to the Pacific Ocean; from Mexico to British 
AmArica. 
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TAMARACK. (See Larch. ) 

TEW.— Wood heavy, hard, extremely 8ti£f and strongs of fine texture with a pale 
yellow sapwood, and an orange red heart ; seasons well and is quite durable. Yew 
is extensively used for archery, bows, turner's ware, etc. The yews form no 
forests, but occur scattered with other conifers. 

38. Yew (Taxu8 hrevifolia) : A small to medium sized tree of the Pacific region. 

B.-BROAD-I^BAVBD WOODS (HARDWOODS). 

Woods of complex and very variable structure and therefore diiTering widely in 
quality, behavior, and consequently in applicability to the arts. 
ASH.— Wood heavy, hard, strong, stifi^, quite tough, not durable in contact with 
soil, straight grained, rough on the split surface and coarse in texture. The wood 
shrinks moderately, seasons with little injury, stands well and takes a good polish. 
In carpentry ash is used for finishing lumber, stairways, panels, etc. ; it is used in 
shipbuilding, in the construction of cars, wagons, carriages, etc., in the manufac- 
ture of farm implements, machinery, and especially of furniture of all kinds, and 
also for harness work ; for barrels, baskets, oars, tool handles, hoops, clothespins, 
and toys. The trees of the several species of ash are rapid growers, of small to 
medium height with stout trunks; they form no forests, but occur scattered in 
almost all our broad-leaved forests. 

39. White ash {Fraxinua americana) : Medium, sometimes large sized tree. Basin 
of the Ohio, but found from Maine to Minnesota and Texas. 

40. Red ash (Fraxinus pubescens) : Small-sized tree. North Atlantic States, but 
extends to the Mississippi. 

41. Black ash (Fraxinua sambucifolia) (hoop ash, ground ash): Medium-sized tree, 
very common. Maine to Minnesota, and southward to Virginia and Arkansas. 

42. Blub ash {Fraxinus quadrangulata) : Small to medium sized. Indiana and Illi- 
nois ; occurs from Michigan to Minnesota and southward to Alabama. 

43. Green ash {Fraxinus viridU): Small-sized tree. New York to the Rocky 
Mountains, and southward to Florida and Arizona. 

44. Oregon ash {Frcudnua oregana): Medium-sized tree. Western Washington 
to California. 

ASPEN. {See Poplar. ) 
BASSWOOD. 

45. Basswood (Tilia americana) (lime tree, American linden, lin, bee tree): 
Wood light, soft, stiff but not strong, of fine texture, and white to light brown 
color. The wood shrinks considerably in drying, works and stands well ; it is 
used in carpentry, in the manufacture of furniture and wooden ware, both 
turned and carved, in cooperage, for toys, also for paneling of car and carriage 
bodies. Medium to large sized tree, common in all Northern broad-leaved for- 
ests; found throughout the Eastern United States. 

46. White basswood ( Tilia keterophylla) : A small-sized tree most abundant in 
the Alleghany region. 



47. Beech {Fagua ferruginea): Wood heavy, hard, stiff, strong, of rather coarse 
texture, white to light brown, not durable iu the ground, and subject to the 
inroads of boring insects; it shrinks and checks considerably in. drying, works 
and stands well and takes a good polish. Used for furniture, in turnery, for 
handles, lasts, etc. Abroad it is very extensively employed by the carpenter, 
millwright, and wagon maker, in turnery as well as wood carving. The beech 
is a medium-sized tree, common, sometimes forming forest; most abundant in 
the Ohio and Mississippi basin, but found from Maine to Wisconsin and south- 
ward to Florida. 
;IRCH.— Wood heavy, hard, strong, of fine texture; sapwood whitish, heartwood 
in shades of brown with red and yellow; very handsome, with satiny luster, 
equaling oherry. The wood shrinks considerably in drying, works and stands 
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well and takes a good polish, but is not dnrable, if exposed. Birch is used for 
finishing lumber in building, iti the manufacture of furniture, in wood turnery 
for spools, boxes, wooden shoes, etc., for shoe lasts and pegs, for wagon hubs, ox 
yokes, etc., also in wood carving. The birches are medium-sized trees, form 
extensive forests northward and occur scattered in all broad-leaved forests of 
the Eastern United States. 

48. Chkrry birch {Beiula lenta) (black birch, sweet birch, mahogany birch): 
Medium-sized tree; very common. Maine to Michigan and to Tennessee. 

49. Yellow birch (Beiula lutea) (gray birch ) : Medium-sized tree ; common. Maine 
to Minnesota and southward to Tennessee. 

50. Red birch (Beiula nigra) (river birch): Small to medium sized tree; very 
common ; lighter and lees valuable than the preceding. New England to Texas 
and Missouri. 

51. Canok birch (Beiula papyri/era) (white birch, paper birch) : Generally a small 
tree; common, forming forests; wood of good quality but lighter. All along 
the northern boundary of United States and northward, from the Atlantic to 
the Pacific. 

BIiACK "WALNUT. (See Walnut.) 



52. Blue beech (Cjorpinus caroUniana) (hornbeam, water beech, iron wood ) : Wood 
very heavy, hard, strong, very stiff, of rather fine texture and white color; 
not durable in the ground ; shrinks and checks greatly* but works and stands 
well. Used chiefly in turnery for tool handles, etc. Abroad, much used by 
mill and wheel wrights. A small tree, largest in the Southwest, but found in 
nearly all parts of the Eastern United States. 

BOI8 D'ARC. (See Osage orange. ) 

BnCEZETE— HORSE CHESTNUT.— Wood light, soft, not strong, often quite 
tough, of fine and uniform texture and creamy white color. It shrinks consid- 
erably, but works and stands well. Used for wooden ware, artificial limbs, paper 
pulp, and locally also for building lumber. Small-sized trees, scattered. 

53. Ohio buckeye (^sculua glabra) (fetid buckeye) : Allegiianies, Pennsylvania 
to Indian Territory. 

54. Sweet buckeye (Msculuajlava)', AUeghanies, Pennsylvania to Texas. 
BUTTERNUT. 

55. Butternut (Juglana dnerea) (white walnut): Wood very similar to black 
walnut, but light, quite soft, not strong and of light brown color. Used chiefly 
for finishing lumber, cabinetwork, and cooperage. Medium-sized tree, largest 
and most common in the Ohio basin; Maine to Minnesota and southward to 
Georgia and Alabama. 



56. Catalpa (Caialpa speeiosa): Wood light, soft, not strong, brittle, durable, of 
coarse texture and brown color ; used for ties and posts, but well suited for a 
great variety of uses. Medium-sized tree; lower basin of the Ohio River, locally 
common. Extensively planted, and therefore promising to become of some 
importance. 



57. Cherry (Prunua seroiina): Wood heavy, hard, strong, of fine texture; sap- 
wobd yellowish white, heartwood reddish to brown. The wood shrinks con- 
siderably in drying, works and stands well, takes a good polish, and is much 
esteemed for its beauty. Cherry is chiefly used as a decorative finishing lum- 
ber for buildings, cars, and boats, also for furniture and in turnery. It is 
becoming too costly for many purposes for which it is naturally well suited. 
The lumber-fumisliing cherry of this country, the wild black cherry (Prunus 
Berotina)y is a small to medium sized tree, scattered through many of the 
broad-leaved woods of the western slope of the AUeghanies, but found from 
Michigan to Florida and west to Texas. Other species of this genus as well 
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as the hawtfaoms (Cratcegus) and wild apple (Pyrua) are not commonly offered 
in the market. Their wood is of the same character as cherry , often even 
tiner, but in small dimensions. 
CHESTNUT. 

58. Chestnut {Caaianea vulgaris var. amerioana): Wood light, moderately soft, 
stif}', not strong, of coarse texture ; the sapwood light, the heartwood darker 
brown. It shrinks and checks considerably in drying, works easily, stands 
well, and is very durable. Used in cabinetwork, cooperage, for railway ties, 
telegraph poles, and locally in heavy construction. Medium-sized tree, very 
common in the Alleghanies, occurs from Maine to Michigan and southward to 
Alabama. 

59. Chinquapin (Casianea pumila) : A small-sized tree, with wood slightly heavier 
but otherwise similar to the preceding;; most common in Arkansas, bat with 
nearly the same range as the chestnut. 

60. CriiNQi'APiN (Caatanopsia chryaophylla) : A medium-sized tree of the western 
ranges of California and Oregon. 

COFFEE TREE. 

61. CoFFEK TREE ( Gymnocladus canadenaia) (coffee nut) : Wood heavy, hard, strong, 
very still*, of coarse texture, durable; the sapwood yellow, the heartwootl red- 
dish brown; shrinks and checks considerably in drying; works and st4inds 
well and takes a good polish. It is used to a limited extent in cabinetwork. 
A medium to large sized tree; not common. Pennsylvania to Minnesota and 
Arkansas. 

COTTONTVOOD. {See Poplar. ) 

CUCUMBER TREE. (See Tulip. ) 

ElfM. — Wood heavy, hard, strong, very tough; moderately durable in contact with 
the soil ; commonly crossgrained, difficult to split and shape, warps, and checks 
considerably in drying, but stands well if properly handled. The broad sapwood 
whitish, heart brown, both with shades of gray and red; on split surface rough; 
texture coarse to fine; capable of high polish. Elm is used in the construction of 
cars, wagons, etc., in boat and ship building, for agricultural implements and 
machinery ; in rough cooperage, saddlery and harness work, but particularly in 
the manufacture of all kinds of furniture, where tbe beautiful figures, especially 
those of the tangential or bastard section, are just begiuuing to be duly appre- 
ciated. The elms are medium to large sized trees, of fairly rapid growth, with 
stout trunk, form no forests of pure growth, but are found scattered in all the 
broad-leaved woods of our country, sometimes forming a considerable portion of 
the arborescent growth. 

62. White Elm {Ulmua americana) (American elm, water elm): Medium to 
large sized tree, common. Maine to Minnesota, southward to Florida and Texas. 

63. Rock elm {Ulmua racemoaa) (cork elm, hickory elm, white elm, cliff elm): 
Medium to large sized tree. Michigan, Ohio, from Vermont to Iowa, south- 
ward to Kentucky. 

64. Red elm {Ulmus fulva) (slippery elm, moose elm): Small-sized tree, found 
chiefly along water courses. New York to Minnesota, and southward to Florida 
and Texas. 

65. Cedar elm ( Ulmua craaaifolia) : Small-sized tree, quite common. Arkansas 
and Texas. 

66. Winged elm {Ulmua alata) (Wahoo): Small-sized tree, locally quite common. 
Arkansas, Missouri, and eastern Virginia. 

QUM. — This general term refers to two kinds of wood usually distinguished as sweet 
or red gum, and sour, black, or tnpelo gum, the former being a relative of the 
witch-hazel, the latter belonging to the dogwood family. 

67. Tupelo {Xysaa aylvatica) (sour gum, black gum) : Maine to Michigan, and south 
ward to Florida and Texas. Wood heavy, hard, strong, tough, of fine texture. 
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frequently crossgrained, of yellowish or grayish white color, hard to split and 
work, troublesome in seasoning, warps and checks considerably, and is not 
durable if exposed ; used for wagon hubs, wooden ware, handles, wooden shoes, 
etc. Medium to large sized trees, with straight, clear trunks; locally quite 
abundant, but never forming forests of pure growth. 

68. Tupelo GUM (Nyssa nniflora) (cotton gum): Lower Mississippi basin, north- 
ward to Illinois and eastward to Virginia, otherwise like preceding species. 

69. Sweet GUM (Liquidambar styraciflua) (red gum, liquidambar, bilsted): Wood 
rather heavy, rather soft, quite stiff and strong, tough, commonly crossgrained, 
of fine texture ; the broad sap wood whitish, the heartwood reddish brown ; the 
wood shrinks and warps considerably, but does not check badly, stands well 
when fully seasoned, and takes good polish. Sweet gum is used in carpentry, 
in the manufacture of furniture, for cut veneer, for wooden plates, plaques, 
baskets, etc., also for wagon hubs, hat blocks, etc. A large-sized tree, very abun- 
dant, often the principal tree in the swampy, parts of the bottoms of the Lower 
Mississippi Valley ; occurs from New York to Texas and from Indiana to Florida. 



70. Hackbbrry (Celtia occidentalis) (sugar berry): The handsome wood heavy, 
hard, strong, quite tough, of moderately fine texture, and greenish or yellowish 
white color; shrinks moderately, works well, and takes a good polish. So far 
but little used in the manufacture of furniture. Medium to large sized tree, 
locally quite common, largest in the Lower Mississippi Valley ; occurs in nearly 
all parts of the Eastern United States. 

HICKOR'7. — Wood very heavy, hard, and strong, proverbially tough, of rather 
coarse texture, smooth and of straight grain. The broad sapwood white, the heart 
reddish nut brown. It dries slowly, shrinks and checks considerably ; is not dura- 
ble in the ground, or if exposed, and, especially the sapwood, is always subject 
to the inroads of boring insects. Hickory excels as carriage and wagon stock, but 
is also extensively used in the manufacture of implements and machinery, for tool 
handles, timber pins, for harness work, and cooperage. The hickories are tall 
trees with slender stems, never form forests, occasionally small groves, but usually 
occur scattered among other broad-leaved trees in suitable localities. The follow- 
ing species all contribute more or less to the hickory of the markets : 

71. Shagbark hickory (Hicoria ovata) (shellbark hickory): A medium to large 
sized tree, quite common; the favorite among hickories; best developed in the 
Ohio and Mississippi basins ; from Lake Ontario to Texas, Minnesota to Florida. 

72. MocKERNUT HICKORY {^UicoTxa olha) (black hickory, bull and black nut, big 
bud, and white-heart hickory) : A medium to large sized tree, with the same 
range as the foregoing; common, especially in the South. 

73. Pignut hickory {Hicoria glabra) (brown hickory, black hickory, switch-bud 
hickory) : Medium to large sized tree, abundant; all Eastern United States. 

74. Bitter NUT hickory {Hicoria minima) (swamp hickory): A medium-sized tree, 
favoring wet localities, with the same range as the preceding. 

75. Pecan {Hicoria pecan) (Illinois nut) : A large tree, very common in the fertile 
bottoms of the Western streams. Indiana to Nebraska and southward to Lousi- 
ana and Texas. 

HOLLT. 

76. Holly {Ilex opaca) : Wood of medium weight, hard, strong, tough, of fine 
texture and white color; works and stands well, used for cabinetwork and 
turnery. A small tree, most abundant in the Lower Mississippi Valley and 
Gulf States, but occurring eastward to Massachusetts and north to Indiana. 

HORSE-CHESTNUT. {See Buckeye.) 
IRON'WOOD. {See Blue beech.) 
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IiOCnST. — This name applies to both of the following: 

77. Black locust (i^obtiiia paeudaceicia) (black locast, yellow locast): Wood very 
heavy, liard, strong, and tough, of coarse texture, very durable in contact with 
the soil, shrinks considerably and suffers in seasoning; the very narrow sap- 
wood yellowish, tho heartwood brown, with shades of red and green. Used 
for wagon hubs, tree nails or pins, but especially for ties, posts, etc. Abroad it 
is much used for furniture and farm imfdemeuts and also in turnery. Small to 
medium sized tree, at home in the AUeghanies, extensively planted, especially 
in the West. 

78. HoxKV LOCUST {Gledifachia triacanthos) (black locust, sweet locost, three- 
thorned acaciu): Wood heavy, hard, strong, tough, of coarse texture, suscep- 
tible of a good ))o1ibIi, the narrow sapwood yellow, the heartwood brownish red. 
So fur, but little a})preciated excei)t for fencing and fuel; used to some extent 
for wagon hubs and lu rough construction. A medium-sized tree, found from 
Peunsylvania to Nebraska, i^ud southward to Florida and Texas ; locally quite 
abundant. 

MAGNOLIA. (See Tulip.) 

MAPLE. — Wood heavy, hard, strong, stiff, and tough, of fine texture, frequently 
wavy-grained, this giving rise to "curly" and ** blister" figures; not durable in the 
ground or otherwise exposed. Maple is creamy white, with shades of light brown 
in the heart; shrinks moderately, seasons, works and stands well, wears smoothly, 
and takes a fine polish. The wood is used for ceiling, flooring, paneling, stair- 
way, and other tinishiug lumber in house, ship, and car construction ; it is used for 
the keels of boats and ships, in the manufacture of implements and machinery, but 
especially for furniture, where eutire chamber sets of maple rival those of oak. 
Maple is also used for shoe lasts and other form blocks, for shoe pegs, for piano 
actions, school apparatus, for wood type in show bill printing, tool handles, in wood 
carving, turnery, and scroll work. The maples are medium-sized trees, of fairly 
rapid growth ; sometimes ibrm forests and frequently constitute a large proportion 
of the arborescent growth. 

79. SuGAK MAPLK (Acei' saccharum) (hard maple, rock maple): Medium to large 
Sized tree, very common, forms considerable forests. Maine to Minnesota, abun- 
dant, with birch, in p:irts of the pineries ; southward to northern Florida; most 
abundant in the region of the Great Lakes. 

80. Red maple (Acer ruhrum) (swamp or water maple): Medium-sized tree. 
Like the preceiling, but scattered along water courses and other moist localiies 

81. Silver MAPLE {Acer saccharinum) (soft maple, silver maple) : Medium-sized, 
common; wood lighter, softer, inferior to hard maple, and usually offered in 
small quantities and held separate in the market. Valley of the Ohio, but 
occurs from Maine to Dakota and southward to Florida. 

82. Bkoad-lkafed maplir (Acer macropkij Hum): Medium-sized tree, forms consid- 
erable forests, and like the preceding has a lighter, softer, and less valuable 
wood. Pacific Coast. 

MULBERRY. 

83. Red mulberry (Morns rubra) : Wood moderately heavy, hard, strong, rather 
tough, of coarse texturo, durable; sapwood whitish, heart yellow to orange 
brown; shrinks and chiicks considerably in drying; works and stands well- 
Used in coopera<;e and locally in shipbuilding and in the manufacture of farm 
implements. A small-sized tree, common in the Ohio and Mississippi valleys, 
but widely distributed in the Eastern United States. 

OAK. — Wood very variable, usually very heavy and hard, very strong and toughs 
porous, and of coarse texture; the sapwood whitish, the heart **oak" brown to 
reddish brown. It shrinks and checks badly, giving trouble in seasoning, but 
stands well, is durable, and little subject to attacks of insects. Oak is used 
for many purposes: in shipbuilding, for heavy construction, in common carpentry, 
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in furniture; car^ and wagon work, cooperage, turnery, and even in wood carving; 
also in the manufacture of all kinds of farm implements, wooden mill machinery, 
for piles and wharves, railway ties, etc. The oaks are medium to large sized trees, 
forming the predominant part of a large portion of our broad- leaved forests, so 
that these are generally *'oak forests" though they always contain a considerable 
proportion of other kinds of trees. Three well-marked kinds, white, red, and live 
oak, are distinguished and kept separate in the market. Of the two principal 
kinds white oak is the stronger, tougher, less porous, and more durable. Red oak, 
is usually of coarser texture, more porous, often brittle, less durable, and even 
more troublesome in seasoning than white oak. In carpentry and furniture work, 
red oak brings about the same price at present as whit. oak. The red oaks every- 
where accompany the white oaks, and, like the latter, are usually represented 
by several species in any given locality. Live oak, once largely employed in 
shipbuilding! possesses all the good qualities (except that of size) of white oak, 
even to a greater degree. It is one of the heaviest, hardest, and most durable 
building timbers of this country ; in structure it resembles the red oaks, but is 
much less porous. 

84. White oak ( Quereus alba) : Medium to large sized tree, common in the East- 
em States, Ohio and Mississippi valleys; occurs throughout Eastern United 
States. 

85. Bur oak {Quercua macrocarpa) (mossy-cup oak, over-cup oak): Large-sized 
tree, locally abundant, common. Bottoms west of Mississippi; range farther 
west than preceding. 

86. Swamp WHITE OAK (Qnercus bicolor): Large-sized tree, common. Most abun- 
dant in the Lake States, but with range as in white oak. 

87. Yellow oak {Quercua prinoidea) (chestnut oak, chinquapin oak): Medium- 
sized tree. Southern Alleghanies, eastward to Massachusetts. 

88. Basket oak {Quercua mickauxii) (cow oak): Large-sized tree, locally abun- 
dant ; lower Mississippi and eastward to Delaware. 

89. Over-cup oak {Quercua lyrata) (swamp white oak, swamp post oak): Medium 
to large sized tree, rather restricted ; ranges as in the preceding. 

90. Post oak {Quercua obtuailoha) (iron oak): Medium to large sized tree. 
Arkansas to Texas, eastward to New England and northward to Michigan. 

91. White oak {Quercua durandii) : Medium to small sized tree. Texas, eastward 
to Alabama. 

92. White oak ( Quercua garryana) : Medium to large sized tree. Washington to 
California. 

93. White oak (Quercua lobata): Medium to large-sized tree ; largest oak on the 
Pacific Coast ; California. 

94. Red OAK {Quercua rubra) (black oak): Medium to large sized tree; common 
in all parts of its range. Maine to Minnesota, and southward to the Gulf. 

95. Black oak {Quercua iinctoria), (yellow oak): Medium to large sized tree; very 
common in the Southern States, but occurriug north as far as Minnesota, and 
eastward to Maine. 

96. Spanish oak {Quercua falcata)^ (red oak): Medium sized tree, common in the 
South Atlantic and Gulf region, but found from Texas to New York, and north 
to Missouri and Kentucky. 

97; Scarlet oak {Quercua coccinea) : Medium to large sized tree; best developed in 
the lower basin of the Ohio, but found from Maine to Missouri, and from Minne- 
sota to Florida. 

98. Pin oak {Quercua paluatria) (swamp Spanish oak, water oak): Medium to 
large sized tree, common along borders of streams and swampe. Arkansas to 
Wisconsin, and eastward to the Alleghanies. 

99. Willow oak {Quercua phelloa) (peach oak): Small to medium sized tree, 
New York to Texas, and northward to Kentucky. 

3521— No. 10 6 



82 TIMBER. 

100. Water oak (QuercuB aquatica) (duck oak, possum oak, punk oak): Medium 
to large sized tree, of extremely rapid growth. Eastern Gulf States, eastward 
to Delaware, aud northward to Missouri and Kentucky. 

101. Live OAK (Quercus virenn): Small-sized tree, scattered along the coast from 
Virginia to Texas. 

102. Live oak {Quercus chrysolepis) . (maul oak, Valparaiso oak): Medium-sized 
tree; California. 

OSAQE ORANGE. 

103. Osage orange {Madura aurantiaca) (Bois d'Arc): Wood very heavy, ex- 
ceedingly hard, strong, not tough, of moderately coarse texture, and very dura- 
ble; sapwood yellow, heart brown on the end, yellow on longitudinal faces, 
soon turning grayish brown if exposed; it shrinks considerably in drying, but 
once dry it stands unusually well. Formerly much used for wheel stock in the 
dry regions of Texas; otherwise employed for posts, railway ties, etc. Seems 
too little appreciated; it is well suited for turned ware and especially for wood 
carving. A small-sized tree, of fairly rapid growth, scattered through the rich 
bottoms of Arkansas and Texas. 

PERSIMMON. 

104. Persimmon {Dioepyroa virginiana) i Wood very heavy and hard, strong and 
tough; resembles hickory, but is of finer texture; the broad sapwood cream 
color, the heart black ; used in turnery for shuttles, plane stocks, shoe lasts, etc. 
Small to medium sized tree, common and best developed in the Lower Ohio 
Valley, but occurs from New York to Texas and Missouri. 

POPLAR AND COTTONWOOD (See aho Tulip wood).— Wood light, very soft, 
not strong, of fine texture and whitish, grayish to yellowish color, usnaUy with 
a satiny luster. The wood shrinks moderately (some crossgrained forms warp 
excessively), but checks little; is easily worked, but is not durable. Used as 
building and furniture lumber, in cooperage for sugar and flour barrels, for 
crates and boxes (especially cracker boxes), for wooden ware and paper pulp. 

105. Cottonwood {Populus monilifera) : Large sized tree ; forms considerable forests 
along many of the Western streams, and furnishes most of the cottonwood of 
the market. Mississippi Valley and west; New England to the Rocky Moun- 
tains. 

106. Balsam {Populus hahamifera) (balm of Gilead): Medium to large sized tree; 
common all along the northern boundary of the United States. 

107. Black cottonwood {Populus trichocarpa) : The largest deciduous tree of 
Washington ; very common. Northern Rocky Mountains and Pacific region. 

108. Cottonwood {Populus fremontii var. tcisHzeni) : Medium to large sized tree, 
common. Texas to California. 

109. Poplar {Populus grandidentata) : Medium-sized tree, chiefly used for pulp. 
Maine to Minnesota and southward along the AUeghanies. 

110. Aspen {Populus iremuloides) : Small to medium sized tree, often forming 
extensive forests and covering burned areas. Maine to Washington and north- 
ward, south in the Western mountains to California and New Mexico. 

SOUR GUM. {SeeGvM.) 
RED QUM. {SeeGvM.) 
SASSAFRAS. 

111. Sassafras {Sassafras sassafras): Wood light, soft, not strong, brittle, of 
coarse texture, durable; sapwood yellow, heart orange brown. Used in coop- 
erage, for skiffs, fencing, etc. Medium-sized tree, largest in the Lower Mis- 
sissippi Valley, from New England to Texas and from Michigan to Florida. 

SWEET GUM. (-See Gum.) 
SYCAMORE. 

112. Sycamore {Platanus occidentalis) (button wood, button-ball tree, water 
beech): Wood moderately heavy, quite hard, stiff, strong, tough, usually 
crossgrained, of coarse texture, and white to light brown color; the wood is 
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hard to split and work, shrinks moderately, warps and checks conjiderablj; bnt 
stands well. .It is used extensively for drawers, backs, bottoms, etc., in cabinet- 
work, for tobacco boxes, in cooperage, and also for finishing lumber, where it has 
too long been underrated. A large tree, of rapid growth, common and largest 
in the Ohio and Mississippi valleys, at home in nearly all parts of the Eastern 
United States. The California species — 

113. Platanua racemosa resembles in its wood the Eastern form. 
TULIP WOOD. 

114. Tulip tree (Liriodendron tuUpifera) (yellow poplar, white wood) : Wood 
quite variable in weight, usually light, soft, stiff but not strong, of fine texture, 
and yellowish color; the wood shrinks considerably, but seasons without much 
injury; works and stands remarkably well. Used for siding, for paneling and 
finishing lumber in house, car, and ship building, for sideboards and panels of 
wagons and carriages; also in the manufacture of furniture, implements and 
machinery, for pump logs, and almost every kind of common wooden ware, boxes, 
shelving, drawers, etc. An ideal wood for the carver and toy man. A large tree, 
does not form forests, but is quite common, especially in the Ohio Basin ; occurs 
from New England to Missouri and southward to Florida. 

115. Cucumber tree {Magnolia acuminata) : A medium-sized tree, most common in 
the Southern AUeghanies, but distributed from New York to Arkansas, southward 
to Alabama and northward to Illinois. Resembling, and probably confounded 
with, tulip wood in the markets. 

TUPELO. (See Gum. ) 
•WALNUT. 

116. Black walnut {Juglana nigra) : Wood heavy, hard, strong, of coarse textur^; 
the narrow sapwood whitish, the heartwood chocolate brown. The wood shrinks 
moderately in drying, works and stands well, takes a good polish, is quite hand- 
some^ and has been for a long time the favorite cabinet wood in this country. 
Walnut, formerly used even for fencing, has become too costly for ordinary uses, 
and is to-day employed largely as a veneer, for inside finish and cabinetwork ; 
also in turnery, for gunstocks, etc. Black walnut is a large tree, with stout trunk, 
of rapid growth, and was formerly quite abundant throughout the Alleghany 
region, occurring from New England to Texas, and &om Michigan to Florida. 

"WHITE "WALNUT. (>See Butternut.) 

"WHITE WOOD. {See Tulip, and also Bass wood.) 

YELLOW POPLAR. (See Tulip.) 
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Pago. 
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Honeycombing J 11, 36 

Identification of woods, how to proceed 62 

Ignorance regarding woods, reasons 5 

Immersion, effect.. 24,30,31,36,50 

Impregnating against decay 56,58 

Inspection 6>7, 8 

Kiln drying, influence on durability 57 

Kilns. {See Dry kilns.) 

Knots 23 

effect of their position 41, 44 

influence on bending strength 41 

cleavability 48 

flexibility 49 

Lampblack 54 

"Light" wood 53 

Lignin 51 

"Live" timber 24 

Lunes in limbs 15 

Manner of sawing affects strength and other qualities 8, 9 

Mechanical properties 37-51 

influence in application, practical conclusions 50 

Medullary rays. (See Pith rays.) 

Mirrors 20 

Modulus of rupture 42 

Moisture 29-31 

during the seasons 29 

varies in tree 29 

effect on shearing 46 

influence on stiffness 39 

bending strength 41 

strength 8,46 

cleavability 48 

flexibility 49 
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Non-porous woods, definition 64 

Odor 24 

Piling or stacking 31 

Pine, bled, as strong as unbled 51 

Pith TLJ9 in conifers 17 

of broad-leaved trees 20 

proportion, in pine 34 

cause of checking 34 

Pits bordered 17 

Pores, description 18 

their importance 19 

affecting weight and strength 27 

used in distinguishing woods ^ 61,64 

Pulp 54 

Besin ducts 16, 18 

Resonance 24 

Rift-sawed boards, behavior in seasoning 36 

Ring-porous woods, definition 64 

Rosin 53, 54 

SapwoodQf conifers 13 

shrinks more than heartwood 36 

Sawing, manner aftects strength 8, 9 

Seasoning, rate 30 

methods 31 

influence on bending strength 41 

hardness 47 

Shearing 45, 46 

table of difterent species 46 

across grain 47 

Shocks, resistance 49 

Shrinkage fully discussed 30, 32-37 

tangential, influence of summer wood and spring wood 35 

sap and heart wood 36 

table for different species 37 

conifers and broad-leaved trees , 36 

Soaking, effects 24,30,31,36,50 

Soot 54 

Specific gravity {see a?8o Weight) 25 

Spring wood, definition 15 

strui^ire in coniferous wood 17 

oak 19,21 

Stiffness 38-41 

table of different species 41 

Strength of wood. (See Mechanical properties.) 

Structural aggregates of a stick 9 

Structure of coniferous wood 12-18 

use of its knowledge 11 

of wood of broad-leaved trees 18-23 

anatomical, of conifers 16 

broad-leaved trees 20, 21 

Summer wood^ definition 15 

color 17 

proportion in different parts of tree 15, 16 

of coniferous wood 17 

oak 19,21 
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Page. 

Swelling by immersion 36 

iuflaence on strength 47 

Tannin 54 

Tar 53 

Tension 43 

table of different species 44 

Testing timber 38 

Toughness 46,49 

Tracheids 17 

Trees, classification •- 11, 12 

Turpentine 53 

Venetian 54 

Use of wood. (See List of woods, p. 72.) 

Vessels in spring wood, proportion 19' 

Warping 36 

Water in wood, table (eee also Moisture and Shrinkage) 31 

Weight 25-28 

different species, table 28 

distribution in tree 26,27 

influence on cleavability 48 

stiffness 39 

strength 46 

spring wood, how affected by moisture 8, 26 

Wood pulp 54 

spirits 53 

vinegar 53 

"Working" 31,37 
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